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Appellants hereby submit an original and three copies of this Amended Appeal Brief to 
the Board of Patent Appeals and Interferences in response to the final Office Action dated 
February 20, 2004. Appellants filed their original Appeal Brief on July 2, 2004, along with the 
required fee. Accordingly, it is believe that no fee is due in connection with the filing of this 
Amended Appeal Brief However, should any fees be due for any reason related to this filing, 
the Commissioner is authorized to deduct said fee from Fulbright & Jaworski L.L.P. Account No.: 
50-1212/UTSC:660US. 

Please date stamp and return the attached postcard as evidence of receipt. 

I. REAL PARTY IN INTEREST 

The real party in interest is the assignee, Board of Regents, The University of Texas 
System, Austin, Texas. 

IL RELATED APPEALS AND INTERFERENCES 

There are no interferences or appeals for related cases, 
III. STATUS OF THE CLAIMS 

In response to final. Appellants attempted to amend base claim 54 to focus the present 
appeal on one of the two alternative embodiments presented by that claim (the "water- 
containing" embodiment). However, the Examiner refiised to enter that narrowing amendment. 
Therefore, Appellants are proceeding with the present appeal only with respect to dependent 
claims that present the water-containing embodiment, claims 138-141. It is Appellants' 
intention, if successfiil in the present appeal, to introduce amendments into base claim 54 that are 
consistent with the water-containing embodiment reflected by appealed claims 138-141. 

Appellants are concurrently filing a petition with the Group Director requesting 
reconsideration of the decision not to enter the amendment after final. 
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A copy of the claims on appeal, claims 138-141, as well as the canceled and withdrawn 
claims, is attached as Appendix A. 
IV. STATUS OF AMENDMENTS 

Appellants sought an amendment after final to focus the present appeal on the water- 
containing embodiments. The Examiner refused to enter this amendment, stating that "the 
limitations of soybean oil and water are now deleted fi-om claim 54, yet dependent claim 141 
recites this limitation." This statement is incorrect in that the after-final amendment did not seek 
to remove the word "water" from claim 54, it only sought the removal of the words "one or more 
of soybean oil and," which amendment would have effectively introduced the limitations of 
claim 138 into claim 54. This was actually stated in the response to final, wherein Appellants 
stated that: 

Independent claim 54 has been amended and is now directed specifically 
to the use of 4HPR lipid compositions wherein the lipid composition comprises 
DMPC and water. Claims 133 and 138 have been cancelled and the dependencies 
of claims 134 and 139 revised accordingly. 

Applicants are amending independent claim 54 in order to prosecute the 
claimed subspecies of allowance/appeal. Applicants reserve the right to proceed 
with claims directed to the additional subject matter in fiiture continuing 
applications. If the pending claims are passed to allowance, Applicants would 
propose to cancel withdrawn claims 61-119 and 130, or authorize an examiner's 
amendment, in order to place the case into condition for allowance. 

The Examiner was subsequently contacted by phone and Appellant's representative 

attempted to explain the appropriateness of the amendment, but the Examiner again refiised to 

enter the amendment. 

Subsequently, special examiner Deborah Reynolds was contacted and she advised that 
she conferred with Examiner Kishore and SPE Page and that she concluded they were correct in 
their determination that the amendments sought to independent claim 54 actually broadened the 
claim. We continue to disagree and, as noted above, have petitioned the Group Director. 
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V. SUMMARY OF THE INVENTION 

The invention that is the subject of the present appeal is directed to the treatment of 

cancer using a compound known as N-(4-hydroxyphenyl) retinamide or a derivative thereof 

(hereinafter collectively "4-HPR") that is formulated in a composition that includes the 

phospholipid DMPC and water, as well as possibly other elements such as soybean oil. The 

subject matter of the present appeal is reflected generally by dependent claim 138, which can be 

depicted in independent form as follows: 

138. A method of treating a subject having cancer, comprising administering to 
said individual a therapeutically effective amount of a composition comprising N- 
(4-hydroxyphenyl) retinamide, or a derivative thereof, encapsulated in a lipid 
material, wherein said lipid material comprises dimyristoyl phosphatidylcholine 
(DMPC) and water. 

Dependent claims 139 and 140 make reference to specific percentages and ranges of 
water, whereas claim 141 refers to the inclusion of DMPC, water and soybean oil. 

VI. ISSUES ON APPEAL 

The issues addressed in this appeal include: 

a) Whether the subject matter of claims 138-141 is obvious over the combination of 
Mehta, US 5,8 1 1 , 1 1 9 (Exhibit 1 ) in view of Ulukaya (Exhibit 2); 

b) Whether the subject matter of claims 138-141 is obvious over the combination of 
Mehta in view of Minton, US 5,008,291 (Exhibit 3) or ZeUgs, US 6,093,706 (Exhibit 4), or vice 
versa. 

VII. GROUPING OF THE CLAIMS 

The claims are to be considered separately, and separate arguments are presented 
hereinbelow. 
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VIII. ARGUMENT 

A. The rejection of claims 138-141 over Mehta in view of Ulukaya 

1. Summary of Rejection 

The Action rejects claims 138-141 over the combination of Mehta in view of Ulukaya, 
taking the position that Mehta teaches the use of liposomal retinoids comprising soybean oil and 
DMPC in the treatment of cancer. Ulukaya is cited as teaching that 4-HPR is a retinoid known 
to be useful in treating cancer. 

The Final Action included no reference to any teaching in either Mehta or Ulukaya that 
concerns the inclusion of water in the liposomes of Mehta. When this pointed out in Appellants' 
response to final, the Advisory Action stated merely that "apphcant's arguments that Mehta' s 
liposomes do not have water are not found to be persuasive since liposomal bilayer formation 
occurs only after hydration with water." The Examiner provided no teaching to support this 
conclusion which, for the reasons stated below, is incorrect. 

2. Appellants' Remarks 

a) Substantial evidence required to uphold the examiner 5 position 
Findings of fact and conclusions of law by the U.S. Patent and Trademark Office must be 
made in accordance with the Administrative Procediire Act, 5 U.S.C. § 706(A), (E), 1994. 
Dickinson v. Zurko, 527 U.S. 150, 158 (1999). Moreover, the Federal Circuit has held that findings 
of fact by the Board of Patent Appeals and Interferences must be supported by "substantial 
evidence" within the record. In re Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). In In re 
Gartside, the Federal Circuit stated that "the 'substantial evidence' standard asks whether a 
reasonable fact finder could have arrived at the agency's decision." Id, at 1312. 
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Accordingly, it necessarily follows that an Examiner's position on Appeal must be 
supported by "substantial evidence" within the record in order to be upheld by the Board of Patent 
Appeals and Interferences. 

b) The standard for obviousness 

In order to establish a prima facie case of obviousness, three basic criteria must be met: 
(1) there must be some suggestion or motivation, either in the references themselves or in the 
knowledge generally available to one of ordinary skill in the art, to modify the reference or to 
combine reference teachings; (2) there must be a reasonable expectation of success; and (3) the 
prior art reference (or references when combined) must teach or suggest all the claim limitations. 
Manual of Patent Examining Procedure § 2142. Moreover, the teaching or suggestion to make 
the claimed combination and the reasonable expectation of success must both be found in the 
prior art, and not based on Applicant's disclosure. In re Vaeck, 947 F.2d 488, 20 U.S.P.Q. 2d 
1438 (Fed Cir. 1991). When "the motivation to combine the teachings of the references is not 
immediately apparent, it is the duty of the examiner to explain why the combination of the 
teachings is proper." MPEP § 2142. 

c) No Proper Prima Facie Rejection Made 

It is Appellant's position that the Examiner has failed to make out a prima facie 
obviousness rejection over the references, alone or in combination, which have not been shown 
to teach or suggest each of the elements of the claims. The principal reference, Mehta, fails to 
teach or suggest the use of DMPC and water to form its liposomes. Mehta' s Example 1 
describes the preparation of liposomal-all trans-retinoic acid ("L-RA"). In the paragraph 
beginning at col 7, line 54 of Mehta, it is described that the retinoic acid ("RA") is comprised in 
t-butanol, and that the butanol-solubilized RA is then added to the "dried lipid film" to form the 
liposomes. It is specifically stated that only butanol, not butanol + water, was used to form the 
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liposomal retinoid. Thus, there is no teaching here that water or an aqueous solution is added 
during the liposomal formulation step. 

The Examiner apparently relies upon the statement in Mehta which concerns 
"reconstitution" of already- formed "liposomal retinoic acid" in an aqueous solution (see, e.g., 
col. 7, In 66, to col. 8, In 3). The Examiner has not shown that resuspending already- formed 
liposomes in an aqueous solution results in the introduction of water into the Hpid layer - in fact, 
it does not! Resuspending already-formed liposomal/drug in an aqueous results in water going 
into the interior of the liposome, not into the lipid bilayer. It is noted that the claims require that 
the "lipid material" used to form the liposomes comprise water. In contrast to the liposomes of 
Mehta, the present liposomes actually incorporate water in the lipid bilayer by virtue of it's 
presence in the starting butanol. As explained below and exempUfied in the present 
specification, inclusion of water in the lipid material at the time of formation of the liposome has 
significant advantages over the Mehta approach of not including water in the lipid material 

In contrast. Applicants' specification discloses, for example in Example 1 and Table 2 
(page 83; attached as Exhibit 5 hereto), that liposomal 4-HPR can be formed using DMPC and 
water, or DMPC + water + soybean oil ("SO"), and, as explained in more detail below, that such 
water containing formulations have surprisingly higher encapsulation efficiencies, at least in the 
context of 4-HPR, than do 4-HPR lipid formulations prepared without the inclusion of water. 
d) The secondary reference does not cure the defect 

None of the secondary references contains a teaching that remedies the deficiencies in 
Mehta with respect to the inclusion of water in the DMPC phospholipid composition used to 
form liposomes. Ulukaya contains no disclosure that Applicants can find that suggests a 
liposomal formulation, and the Examiner appears to concede this and simply relies on supposed 
advantages of 4-HPR per se. However, it is unclear how this fact alone provides a suggestion to 
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provide the 4-HPR or water in the lipid formulation of Mehta. Indeed, there is evidence in 
Ulukaya that teaches away from the combination: Ulukaya teaches that 4-HPR has properties 
that distinguish it from naturally occurring retinoids, including the fact that it apparently exerts 
its clinical effects by a different pathway from classical retinoids. This fact suggests that 4-HPR 
has different physicochemical and/or biological properties from classical retinoids, which 
immediately brings into question whether one of ordinary skill would have an expectation that 
this very different retinoid could be practiced in the context of the teachings of Mehta. We think 
not. Furthermore, with the known advantages described in Ulukaya, we question whether one of 
skill would be motivated to try to modify it in any way. Again, we think not. 

e) Claims 139 and 140 

The subject matter of claims 139 and 140 are separately patentable. Claim 139 is 
directed to a composition wherein the lipid material comprises from 1 to 10% water, and claim 
140 is directed to a composition wherein the lipid material comprises about 10% water. The 
Examiner has not even attempted to make a prima y^fc/e rejection of the subject matter of these 
claims. As noted below in the secondary considerations section, such formulations have 
surprisingly high 4-HPR encapsulation efficiency, particularly when compared to liposomes 
prepared without water as taught by Mehta. 

f) Evidence of Secondary Considerations 

As noted above, there exists here strong evidence to support a conclusion of non- 
obviousness. Applicants' specification discloses, in Example 1 and Table 2 (page 83; attached as 
Exhibit 5 hereto), that liposomal 4-HPR can be formed using DMPC and water, or DMPC + 
water + soybean oil ("SO"). Here, the water in included in the t-butanol that is employed for 
solubilizing the lipids and 4-HPR to form liposomes. Importantly, the encapsulation efficiency 
achieved by the present inventors for 4-HPR using water or water + SO was consistently very 
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high: 81.5% with DMPC + water and ranging from 77.5% up to 96.4% with DMPC + water + 
SO. This was in direct contrast to the much poorer 60% encapsulation efficiency achieved 
without the inclusion of water, which is reflective of the approach taught by Mehta. 
g) Claims 138-141 

The data set forth in Table 2 demonstrates that formulations made with DMPC + water 
have a surprisingly higher 4-HPR encapsulation efficiency than formulations made with DMPC 
and no water (81.5% vs. 60.0%). Similarly, it is shown that increasingly higher amounts of 
water provide an increasingly higher incorporation efficiency (77.5%, 81.5% and 87.5% for 
lower amounts of water and 88.3%), 92.8% and 96.4%) for higher amounts of water). This is 
particularly relevant to the patentability of claims 138-140. 

Furthermore, the data demonstrates that the inclusion of all three of DMPC + soybean oil 
+ water is even more preferred than either DMPC + water alone, or DMPC alone (average 88.5% 
vs. 81.5% vs. 60.0%). This is particularly relevant to the patentability of claim 141. 

B. The rejection of claims 138-141 over Mehta in view of Minton or Zeligs 

1. Summary of Rejection 

The Final Action next rejects claims, including claims 138-141, as obvious over Mehta in 
view of Zeligs. The rejection is essentially as set forth above for the foregoing rejection, with 
the exception that the secondary references of Minton and Zeligs are relied upon. Minton is said 
to teach 4-HPR in the treatment of cancer and is also said to teach the use of sustained or 
continuous release formulations (col. 13, Ins 17-18). ZeHgs is also said to teach 4-HPR in the 
treatment of cancer and is said to teach administration in the form of liposomes (col. 6, In 60). 

2. Appellants' Remarks 

First of all, Appellants incorporate by reference all of the foregoing comments with 
respect to the rejection over Mehta in view of Ulukaya. Further with respect to the two 
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additional references of Minton and Zeligs, Appellants note that neither of these references 
appear to teach or suggest the use of water in the lipids used to form liposomal 4-HPR and thus 
do not appear to address the shortcomings noted above. 

The Minton reference is said to teach sustained or continuous release formulations, but it 
is hard to see how this disclosure is relevant to DMPC/SO/water formulations of 4-HPR and the 
Examiner has not provided any explanation in this regard. On the contrary, Minton simply 
teaches that one can prepare sustained release formulations of the 4-HPR and calcium glucarate. 
However, it is hard to imagine how the preparation of a sustained release formulation of these 
two drugs would lead one of skill in the art to Mehta - as noted above, Mehta is concerned with 
formulations having reduced toxicity and appears to teach that one can administer liposomal 
retinoids for longer periods of time without toxicity (see, e.g., col. 4). Perhaps Appellants have 
missed the teachings that the Examiner is relying upon. So, if the Examiner is aware of some 
teaching in Mehta that its liposomal retinoid formulations are for the purpose of providing a 
sustained release formulation, the Examiner is requested to identify the teaching relied upon on 
the record. (Applicants have on-line searched the Mehta patent for the word "sustained" without . 
success, and have only found the word "continuous" in relation to continuous therapy with 
retinoids as opposed to teaching that the lipid formulations provide this benefit.) 

Zeligs is the one reference that does refer generically to liposomal formulations of DHEA 
and retinoids such as 4-HPR, but again, there is no basis for combining this teaching with Mehta 
per se to arrive at the presently claimed invention. In particular, it is noted that Zeligs is 
primarily concemed with topical therapy and topical compositions for the treatment of skin 
disorders and for protection against UV light. There is some disclosure that concerns parenteral 
administration - indeed, liposomal formulations are only mentioned in the context of systemic 
administration (col. 6, In 60). While no specific indications for liposomal formulations per se are 
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given by Zeligs (see col. 6, In 60), there is disclosure that systemic administration is to "prevent" 
the "recurrence" of squamous cell carcinoma. Furthermore, there is no disclosure that would, in 
the Applicants' opinion, suggest to one of skill in the art to select and use a DMPC/SO/water 
formulations - certainly a very general disclosure such as Zeligs (which only appears to mention 
the word "liposome" once) cannot render each and every cancer therapeutic methods suing lipid 
formulations obvious. 
IX. CONCLUSION 

Appellants have provided arguments that overcome the pending rejections. Appellants 
respectfully submit that the Final Official Action's conclusions that the claims should be rejected 
are unwarranted. It is therefore requested that the Board overturn the Final Action's rejections. 

Please date stamp and return the enclose^_pQ§t5aj:dto evidence receipt of this document. 

\ Res{>^t^i^lly submitted, 

FULBRIGHT & JAWORSKI L.L.P 
600 Congress Avenue, Suite 2400 
Austin, Texas 78701 
512.536.3055 (voice) 
512.536.4598 (fax) 

Date: November 1 , 2004 




David L. 
Reg. No. 32,165 
Attorney for Appellants 
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APPENDIX A 



1. -5?71(Cmiceled) 

54. (Canceled) A method of treating a subject having cancer, comprising administering to 
said individual a therapeutically effective amount of a composition comprising N-(4- 
hydroxyphenyl) retamide, or a derivative thereof, encapsulated in a lipid material, 
wherein said lipid material comprises dimyristoyl phosphatidylcholine (DMPC) and one 
or more of soybean oil (SO) and water. 

55. (Canceled) The method of claim 54, wherein said dimyristoyl phosphatidylcholine and 
soybean oil comprise a ratio of greater than 80:20. 

56. (Canceled) The method of claim 54, wherein said composition is comprised in a 
pharmaceutically acceptable aqueous medium. 

57. (Canceled) The method of claim 54, wherein said method further comprises 
administering at least one additional therapeutic agent to said individual. 

58. (Canceled) The method of claim 57, wherein said agent is comprised in said 
composition. 

59. (Canceled) The method of claim 57, wherein said additional therapeutic agent comprises 
at least one anticancer agent. 

60. (Canceled) The method of claim 59, wherein the anticancer agent is chemotherapy agent, 
a radiotherapy agent, an immune therapy agent, a genetic therapy agent, a hormonal 
therapy agent, a biological agent, an additional retinoid or a retinoid derivative. 

61. (Withdrawn) A method for increasing growth inhibitory effects of fenretinide on a cell 
comprising providing to a cell, in combination with fenretinide, one or more agents that 
increases the level of nitric oxide (NO) in said cell. 
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62. (Withdrawn) The method of claim 61, wherein said cell is a tumor cell. 

63. (Withdrawn) The method of claim 62, wherein said tumor cell is a breast cancer cell. 

64. (Withdrawn) The method of claim 63, wherein the breast cancer cell is an estrogen receptor 
(ER)-positive cell. 

65. (Withdrawn) The method of claim 63, wherein the breast cancer cell is an estrogen receptor 
(ER)-negative cell. 

66. (Withdrawn) The method of claim 61, wherein fenretinide is provided before the one or 
more agents. 

67. (Withdrawn) The method of claim 61, wherein fenretinide is provided at the same time as 
the one or more agents. 

68. (Withdrawn) The method of claim 61 , wherein fenretinide is provided after the one or more 
agents. 

69. (Withdrawn) The method of claim 61 , wherein fenretinide is provided more than once. 

70. (Withdrawn) The method of claim 69, wherein fenretinide is provided daily for three 
months with monthly three-day interruptions. 

71 . (Withdrawn) The method of claim 61 , wherein said agent is provided more than once. 

72. (Withdrawn) The method of claim 61 , wherein said agent is a nucleic acid. 

73. (Withdrawn) The method of claim 72, wherein said nucleic acid is an expression construct 
encoding iNOS, interferon-y or herceptin. 

74. (Withdrawn) The method of claim 61 , wherein said agent is a protein. 

75. (Withdrawn) The method of claim 74, wherein said protein is iNOS, interferon-y or 
herceptin. 

76. (Withdrawn) The method of claim 61 , wherein said agent is a chemopharmaceutical. 
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77. (Withdrawn) The method of claim 76, wherein said agent is cyclosporin A. 

78. (Withdrawn) The method of claim 62, wherein said cell tumor cell is a patient. 

79. (Withdrawn) The method of claim 78, wherein said cell tumor cell is part of a tumor mass 
in said patient. 

80. (Withdrawn) The method claim 78, wherein providing comprises direct administration to 
said tumor cell. 

81. (Withdrawn) The method of claim 61, further comprising providing to said cell an 
additional anti-cancer therapy. 

82. (Withdrawn) The method of claim 81, wherein said additional anti-cancer therapy is 
radiation. 

83. (Withdrawn) The method of claim 81, wherein said additional anti-cancer therapy is a 
distinct chemotherapy. 

84. (Withdrawn) The method of claim 81, wherein said additional anti-cancer therapy is a 
distinct gene therapy. 

85. (Withdrawn) The method of claim 81, wherein said additional anti-cancer therapy is 
immunotherapy. 

86. (Withdravra) The method of claim 81, wherein said additional anti-cancer therapy is 
hormonal therapy. 

87. (Withdrawn) The method of claim 61, wherein fenretinide is provided in an amount 
sufficient to achieve an intracellular concentration of 0. 1 |xm, 

88. (Withdrawn) The method of claim 61, wherein fenretinide is provided in an amount 
sufficient to achieve an intracellular concentration of 0.5 |im. 



25424550.1 



89. (Withdrawn) The method of claim 61, wherein fenretinide is provided in an amount 
sufficient to achieve an intracellular concentration of 1 .0 |am. 

90. (Withdrawn) The method of claim 61, wherein said cell is killed. 

91 . (Withdrawn) A method for treating cancer in a subject comprising providing to said subject, 
in combination, fenretinide and one or more agents that increases the level of nitric oxide 
(NO) in cancer cells in said subject. 

92. (Withdrawn) The method of claim 91 , wherein said cancer is a breast cancer. 

93. (Withdrawn) The method of claim 92, wherein cells of said breast cancer are estrogen 
receptor (ER)-positive. 

94. (Withdrawn) The method of claim 92, wherein cells of said breast cancer are estrogen 
receptor (ER)-negative. 

95. (Withdrawn) The method of claim 91, wherein fenretinide is provided before the one or 
more agents. 

96. (Withdrawn) The method of claim 91, wherein fenretinide is provided at the same time as 
the one or more agents. 

97. (Withdrawn) The method of claim 91, wherein fenretinide is provided after the one or more 
agents. 

98. (Withdrawn) The method of claim 91, wherein fenretinide is provided more than once. 

99. (Withdrawn) The method of claim 98, wherein fenretinide is provided daily for three 
months with monthly three-day interruptions. 

1 00. (Withdrawn) The method of claim 91 , wherein said agent is provided more than once. 

101. (Withdrawn) The method of claim 9 1 , wherein said agent is a nucleic acid. 
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102. (Withdrawn) The method of claim 101, wherein said nucleic acid is an expression construct 
encoding iNOS, interferon-y or herceptin. 

1 03 . (Withdrawn) The method of claim 91 , wherein said agent is a protein. 

104. (Withdrawn) The method of claim 103, wherein said protein is iNOS, interferon-y or 
herceptin. 

1 05 . (Withdrawn) The method of claim 91 , wherein said agent is a chemopharmaceutical. 

106. (Withdrawn) The method of claim 105, wherein said agent is cyclosporin A. 

107. (Withdrawn) The method claim 91, wherein providing comprises direct administration to 
said tumor cell 

108. (Withdrawn) The method of claim 91, further comprising providing to said cell an 
additional anti-cancer therapy. 

109. (Withdrawn) The method of claim 108, wherein said additional anti-cancer therapy is 
radiation. 

110. (Withdrawn) The method of claim 108, wherein said additional anti-cancer therapy is a 
distinct chemotherapy. 

111. (Withdrawn) The method of claim 108, wherein said additional anti-cancer therapy is a 
distinct gene therapy. 

112. (Withdrawn) The method of claim 108, wherein said additional anti-cancer therapy is 
immimotherapy. 

113. (Withdrawn) The method of claim 108, wherein said additional anti -cancer therapy is 
hormonal therapy. 

114. (Withdrawn) The method of claim 91, wherein fenretinide is provided in an amount 
sufficient to achieve an intracellular concentration in cancer cells of 0.1 |im. 
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115. (Withdrawn) The method of claim 91, wherein fenretinide is provided in an amount 
sufficient to achieve an intracellular concentration in cancer cells of 0.5 |im. 

116. (Withdrawn) The method of claim 91, wherein fenretinide is provided in an amount 
sufficient to achieve an intracellular concentration in cancer cells of 1.0 |um. 

117. (Withdrawn) The method of claim 91, wherein fenretinide is provided at IQ mg/day. 

118. (Withdrawn) The method of claim 9 1 , wherein fenretinide is provided at 1 00 mg/day. 

119. (Withdrawn) The method of claim 91 , wherein fenretinide is provided at 200 mg.day. 

120. -129. (Cancelled) 

130. (Withdrawn) A method for inhibiting metastasis in a subject having cancer comprising 
providing to said- subject, in combination, fenretinide and one or more agents that increases 
the level of nitric oxide (NO) in cancer cells in said subject. 

131. (Canceled) The method of claim 54, wherein the composition is administered 
parenterally to the individual. 

132. (Canceled) The method of claim 54, wherein the composition is administered orally to 
the individual. 

1 33. (Canceled) The method of claim 54, wherein the lipid material comprises DMPC and SO. 

134. (Canceled) The method of claim 133, comprising a ratio of 4-HPR, or derivative thereof, to 
DMPC/SO of from 1:5 to 1:15. 

135. (Canceled) The method of claim 134, wherein the 4-HPR, or derivative thereof, to 
DMPC/SO ratio is about 1 :5 (w/w). 

136. (Canceled) The method of claim 134, wherein the 4-HPR, or derivative thereof, to 
DMPC/SO ratio is about 1:10 (w/w). 
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137. (Canceled) The method of claim 134, wherein the 4-HPR, or derivative thereof, to 
DMPC/SO ratio is about 1:15 (w/w). 

138. (Currently amended) A method of treating a subject having cancer, comprising 
administering to said individual a therapeutically effective amount of a composition 
comprising N-(4-hvdroxyphenyl) retamide, or a derivative thereof encapsulated in a lipid 
material Th e m e thod of claim 51 wherein the lipid material comprises dimyristoyl 
phosphatidylcholine ( DMPC) and water. 

139. (Previously presented) The method of claim 138, wherein the composition comprises from 
1 to 10% water. 

140. (Previously presented) The method of claim 139, wherein the composition comprises about 
10% water. 

141. (Currently amended) A method of treating a subject having cancer, comprising 
administering to said individual a therapeutically effective amount of a composition 
comprising N-(4-hydroxyphenyl) retamide, or a derivative thereof encapsulated in a lipid 
material. Th e m e thod of claim 5 4 , wherein the lipid material comprises dimyristoyl 
phosphatidylcholine (D MPC), soybean oil ( SO) and water. 
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ABSTRACT 



A reduced-toxicity formulation of carotenoids is disclosed 
which is stable in an aqueous environment. The formulation 
includes a carotenoid, lipid carrier particles (such as 
liposomes), and an intercalation promoter agent (such as a 
triglyceride), which causes the carotenoid to be substantially 
uniformly distributed with the lipid in the lipid carrier 
particles. The molar ratio of carotenoid to lipid is greater 
than about 1:10. Also disclosed is a method of inhibiting the 
growth of cancer cells, which comprises administering to a 
hVing subject a therapeutically effective amount of a com- 
position as described above. 

2 Claims, 9 Drawing Sheets 
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FORMULATION AND USE OF 
CAROTENOIDS IN TREATMENT OF 
CANCER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. Ser. No. 08/286, 
928, filed on Aug. 8, 1994, now aban. which is a 
coDtinuation-in-part of U-S. Ser. No. 08/213;Z49, filed on 
Man 14, 1994 now abandoned, which is a continuation of 
U,S. Ser. No. 07/822,055, filed on Jan. 16, 1992, now 
abandoned, which is a continuation-in-part of U.S. Ser. No. 
07/588,143, filed on Sep, 25, 1990, now abandoned, which 
is a divisional of U.S. Set. No. 07/152,183, filed on Feb. 4, 
1988, now abandoned. The 152,183 application is also a 
continuation in part of U.S. Ser No. 051,890, filed on May 
19, 1987, issued as U.S. Pat. No. 4,863,739, Sep. 5, 1989. 
The above-identified applications are incorporated here by 
reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to therapeutic compositions 
of carotenoids encapsulated in liposomes or other lipid 
carrier particles. 

It has been known for more than 50 years that retinoids, 
the family of molecules comprising both the natural and 
synthetic analogues of retinol (vitamin A), are potent agents 
for control of both cellular differentiation and cellular pro- 
hferation (Wolbach et al., J. Exp. Med., 42:753-777, 1925). 
Several studies have shown that retinoids can suppress the 
process of carcinogenesis in vivo in experimental animals 
(for reviews, see e.g., Bollag, Cancer Chemother. 
Pharmacol, 3:207-215, 1979, and Sporn et al., In Zedeck et 
al. (eds.). Inhibition of Tumor induction and development, 
pp. 71-100. New York: Plenum Publishing Coip., 1981). 
These results are now the basis of current attempts to use 
retinoids for cancer prevention in humans. Furthermore, 
there is extensive evidence which suggests that retinoids can 
suppress the development of malignant phenolype in vitro 
(for review, see e.g., Bertram et al.. In: M. S. Arnbtt el al., 
(eds.). Molecular interactions of nutrition and cancer, pp 
315-335. New York, Raven Press, 1982; Lotan et al,. The 
modulation and mediation of cancer by vitamins, pp 
211-223. Basel: S. Karger AG, 1983) thus suggesting a 
potential use of retinoids in cancer prevention. Also, recently 
it has been shown that retinoids can exert effects on certain 
fully transformed, invasive, neoplastic cells leading in cer- 
tain instances to a suppression of proliferation (Lotan, 
Biochim. Biophys. Acta, 605:33-91, 1980) and in other 
instances to terminal differentiation of these cells, resulting 
in a more benign, non-neoplastic phenotype (see e.g., Bri- 
etman et al., Proc. Natl. Acad. Sci. U.S.A., 77:2936-2940, 
1980). 

Retinoids have also been shown to be effective in the 
treatment of cystic acne (see e.g.. Peck, et al.. New Engl. J. 
Med., 300:329-333, 1979). In addition to cystic acne, ret- 
inoid therapy has been shown (o be effective in gram- 
negative folliculitis, acne fulminans, acne conglobata, 
hidradenitis suppurativa, dissecting cellulitis of the scalp, 
and acne rosacea (see e.g.. Pie wig et al., J. Am. Acad. 
Deraiatol., 6:766-785, 1982). 

However, due to highly toxic side effects of naturally 
occurring forms of vitamin A (h>pervitaminosis A) at thera- 
peutic dose level, clinical use of retinoids has been limited 
(Kamm et al.. In: The Retinoids. Spora et al., (eds.), Aca- 
demic Press, N.Y, pp 228-326, 1984; Lippman et al.. 
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Cancer Treatment Reports, 71:493-515, 1987). In free form, 
the retinoids may have access to the surrounding normal 
tissues which might be the basis of their profound toxicity to 
liver, central nervous system, and skeletal tissue, 
5 Therefore, one potential method to reduce the toxicity 
associated with retinoid administration would be the use of 
a drug delivery system. Tht liposomal format is a useful one 
for controlling the topography of drug distribution in vivo. 
This, in essence, involves attaining a high concentration 
10 and/or long duration of drug action at a target (e.g. a tumor) 
site where beneficial effects may occur, while maintaining a 
low concentration and/or reduced duration at other sites 
where adverse side effects may occur (JuUano, et al.. In: 
Drug Delivery Systems, Juliano ed., Oxford Press, N.Y., pp 
15 189-230, 1980). Liposome-encapsulation of drug may be 
expected to impact upon all the problems of controlled drug 
delivery since encapsulation radically alters the 
pharmacokinetics, distribution and metabolism of dmgs. 

There are additional diJBBculties in using a liposomal 
formulation of a retinoid for therapeutic purposes. For 
example, it is often desirable to store the composition in the 
form of a preliposoraal powder, but many prior formulations 
are not satisfactory for such use, because they either contain 
an inadequate amount of retinoid, or they generate undesir- 
able liposomes when they are reconstituted in aqueous 
solution. 

For compositions that are to be administered 
intravenously, typically the composition must provide at 
least about 100 mg of the active ingredient in a single 
container; if it contains a lesser amount of the active 
ingredient, an impractically large number of vials will be 
needed for dosing a single patient. 

Typically a vial having a volume of 120 cc is the largest 
35 that can be accommodated in a commercial freeze drier, and 
50 cc is the maximum volume of liquid that can be filled in 
such a vial. If more than 1 g of lipids are included in 50 cc 
of liquid volume, the resulting liposomes after reconstitution 
have a size distribution which is not acceptable for 
4Q parenteral administration. This is because the packing of the 
lipids during lyophilization is affected by the concentration 
of the Hpids in the solution. Thus, the concentration of h'pids 
in the solution must be limited. However, when this is done 
in previously-known liposomal retinoid formulations, the 
45 retinoid tends to crystallize, and separate from the liposomes 
shortly after reconstitution. 

In order to both limit the concentration of lipids and 
supply a sufiBcienl amount of retinoid, it is necessary to 
provide a molar ratio of retinoid to Upid greater than about 
50 1 to 10. Previously known formulations have not had, and 
are believed not to be capable of having such a high packing 
of retinoid in the liposomes. Therefore, a need exists for 
improved compositions and methods which will minimize 
or eliminate the problems of the prior art. 

SUMMARY OF THE INVENTION 

The present invention relates to therapeutically useful, 
reduced toxicity compositions of carotenoids. The compo- 
sitions comprise a carotenoid, lipid carrier particles, and an 
60 intercalation promoter agent. "Carotenoid" is used here to 
include retinoids, pro-retinoids, carotenes, xanlhophylls, and 
analogs thereof A preferred example is a 11 -trans retinoic 
acid. The carotenoid is substantially uniformly distributed 
with the lipid in the lipid carrier particles. More particularly, 
65 the carotenoid is substantially uniformly distributed in an 
intercalated position throughout a hydrophobic portion of 
the lipid carrier particles, as opposed to the aqueous phase. 
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"Substantially uniformly distributed" means that at least 
50% of the lipid carrier particles will contain carotenoid in 
a molar ratio between about 5:85 carotenoid: lipid and about 
15:70. Preferably at least 75% of all lipid carrier particles 
will contain such a ratio of the active ingredient. 5 

The composition is stable in an aqueous environment. In 
this context, "stable in an aqueous environment" nneans thai 
the composition (1) will not exhibit any therapeutically 
significant degradation over a period of at least 24 hours, (2) 
will not exhibit a substantial degree of fusions of liposomes 30 
over that same period, and (3) will not exhibit substantial 
redistribution of the carotenoid over that same period, 
including no substantial movement of the drug into the 
aqueous phase of a liposome, and no substantial state change 
into a crystalline form. 35 

The molar ratio of carotenoid to lipid in the lipid carrier 
particles is greater than about 1:10, and is most preferably at 
least about 15:85. The intercalation promoter agent prefer- 
ably comprises at least about 15% by weight of the 
composition, and can suitably be, for example, a triglycer- 
ide. 

"Lipid carrier particles" is used here to include liposomes, 
having a bilayer structure formed of one or more lipids 
having polar heads and nonpolar tails, as well as micelles, 
amorphous particulates of lipid, and other lipid emulsion 
stale entities. When the particles are liposomes, suitable 
forms include multilamellar Hposomes. 

The present invention also relates to a pharmaceutical unit 
dosage formulation of a carotenoid, which comprises a 
carotenoid, lipid carrier particles, an intercalation promoter 
agent, and a pharmaceutically acceptable carrier. As stated 
above, the carotenoid is substantially uniformly distributed 
with the lipid in the lipid carrier particles, and the compo- 
sition is stable in an aqueous environment. 

In another aspect, the invention relates to a method of 
inhibiting the growth of cancer cells, in which a therapeu- 
tically effective amount of a carotenoid composition is 
administered to a living subject. The carotenoid composition 
can be as described above. The composition is preferably 
administered to the subject in a maintained molar ratio 
between about 5:85 carotenoid:lipid and about 15:70. 
"Maintained" in this context means that the slated ratio of 
drug to lipid lasts for at least 24 hours. 

The present invention provides the therapeutic benefits of 45 
the carotenoid, while substantially reducing the undesirable 
toxicity of the composition, as compared to the free drug. 
For example, encapsulation of retinoic acid in liposomes 
results in a decrease of at least 15-fold in toxicity as 
compared to the free drug. 

Further, the presence of the intercalation promoter agent 
permits the ratio of active ingredient to lipid to be increased 
above what has been previously known, and thus makes 
such formulations useful in a practical sense for lyophiliza- 
tion into a powder, and subsequent reconslitution into solu- 
tion which can be administered parenteral ly to a patient. 
Without wishing to be bound by any particular theory, it is 
believed that the intercalation promoter agent overcomes 
steric hindrance that otherwise limits the amount of caro- 
tenoid that be incorporated in, for example, a liposome. 

The encapsulation of carotenoids within, e.g., liposomes, 
permits their direct delivery to intracellular sites and thus 
circumvents the requirement for cell surface receptors. This 
may be of particular significance, for example, in therapy of 
tumors which lack the cell surface receptors for serum 65 
retinol binding protein but possess intracellular receptors for 
retinoic acid. 
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Compositions of the present invention are also substan- 
tially improved over prior liposomal retinoid formulations in 
terms of uniformity of drug distribution. Prior compositions 
often had substantial percentages of liposomes which con- 
tained essentially no drug. In the present invention, at least 
50% and preferably at least 75% of all liposomes in the 
composition contain drug with the range specified above. 

While not being bound by any particular theory of action, 
it has been found that, surprisingly, liposome encapsulation 
of carotenoids and particularly all-trans retinoic acid, cir- 
cumvents the usual hepatic clearance mechanisms. This has 
resulted in a substantial extension of the eflScacy of liposo- 
mal carotenoid over free carotenoid or retinoid. It is believed 
that liposomal all- trans retinoic acid avoids the problems of 
resistance to non-liposomal all-trans retinoic acid. This 
resistance is displayed by such parameters as reduced serum 
concentration upon prolonged treatment typically observed 
in treatments as extended over 2, 5 or 7 weeks or longer. 
Here, substantially longer periods of drug administration 
were unaccompanied by reduced circulating drug levels. 
Therapeutic i.v. dosages of 15 mg/m^, 30 mg/m^, 60 mg/m^, 
75 mg/m^ and 90 mg/m^, and further including 150 mg/m^, 
300 mg/m^ and higher are noted. Regimens of therapy 
extending in excess of 7 weeks, and further in excess of 14 
weeks, and further exhibiting non-declining drug levels are 
particularly noted. Regimens of administration of all-trans 
retinoic acid that avoid retinoid resistance are particularly 
noted herein, which includes administration of liposomal 
all-trans retinoic acid, and in one embodiment includes the 
retinoid being intercalated in the liposomal bilayer in sub- 
stantially uncrystallized form. 

In vivo administration of liposomal all-trans retinoic acid 
over a prolonged period did not exhibit declining blood 
levels. In vitro studies of isolated liver microsomes revealed 
unchanged catabolism upon repeated exposure to liposomal 
all-trans retinoic acid. In contrast, microsomes isolated from 
subjects originally administered non-liposomal all-trans ret- 
inoic acid an equal number of times displayed increased 
metabolism of all-trans retinoic acid. 

Test data has indicated that the instant liposomal caro- 
tenoid formulations avoid "retinoid" resistance upon chronic 
i.v. administration. The, results suggest that chronic admin- 
istration of Liposomal carotenoid, and particularly all-trans 
retinoic acid, does not affect the levels of circulating drug in 
subjects. While phospholipids are preferred, the broad 
grouping of lipids are useful in forming particular lipo- 
somes. Liver microsomes from test animals did not show 
any significant change in their ability to metabolize all- trans 
retinoic acid. In contrast, long-term oral administration of 
50 non-liposomal aU-trans retinoic acid caused a significant 
decrease in circulating drug levels after 7 weeks of treat- 
ment. Liver microsomes from these animals converted all- 
trans retinoic acid into polar products much more rapidly 
than microsomes obtained from liposomal all-lrans retinoic 
55 acid- treated or untreated animals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a time profile of liposomal retinoic acid 
(L-RA) stability in the presence (•) and absence (O) of 
serum. 

FIG. 2 shows human red blood cell (RBC) lysis as a 
function of time with RA (•) and L-RA (A). 

FIG. 3 shows RBC lysis as a function of retinoic acid 
(RA) concentration (•) and L-RA concentration (A). 

FIG. 4 shows the inhibition of THP-1 cell growth as a 
function of RA concentration (•) , L-RA concentration (O) 
or empty liposome concentration (A). 
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nC. 5 shows the induction of transglutaminase (TGase) 
in human monocytic THP-1 cells as a function of treatment 
with RA or L-RA. 

FIG. 6 shows the inhibition of human histiocytic U-937 
ceil growth as a fiinction of RA concentration (•), L-RA 
concentration (O) and empty liposome concentration (A). 

FIG. 7 shows the time course of accumulation of tissue 
TGase activity in cultured human peripheral blood mono- 
cytes (HPBM). HPBM were fractionated into small (O) and 
large (•) subpopulations by centrifugal eluirialion, and they 
were cultured in 35-ram-well tissue culture plates as 
described in Materials and Methods. At the indicated time 
points the cells were washed, sonicated, and assayed for 
TGase activity. Values are the means of six determinations 
from two dishes. 

FIG. S shows dose-dependent eflfects of recombinant 
interferon-gamraa (rIFN-g) on induction of tissue TGase 
activity in HPBM subpopulations. Small (O) and large (•) 
monocytes were cultured in serum containing medium alone 
or medium containing increasing concentrations of rIFN-g. 
After 72 hr, the cells were harvested and the cell lysates 
assayed for tissue TGase activity. The results shown repre- 
sent mean ±SD of three determinations from an individual 
donor. 

RGS. 9A and B show effects of retinol (ROH) and RAon 
induction of tissue TGase activity in cultured HPBM. Cells 
were cultured in the presence of 5% human AB serum and 
the absence (•) or presence of 500 nM ROH (A) or RA(0) 
for varying periods of time. At the end of each time point, 
the cells were harvested and assayed for enzyme activity. 
Values shown are the means ±SD of six determinations from 
two independent experiments. Inset, dose -response curve for 
tissue TGase induction by ROH (A) and RA (•) in HPBM 
after 72 -hr culture. 

FIGS. 10 A and B show effects of free- and liposome- 
encapsulated RAon induction of tissue TGase in HPBM. A: 
The ceils were cultured in tissue culture dishes in presence 
of senim-coniaining medium alone (A) 500 nm liposomal 
RA (•), or medium containing 500 nM free-RA (A), or 
"empty liposomes" (O) for indicated periods of lime. Both 
the liposomal RA and "empty liposomes'' contained 200 
^g/m\ lipid. At the end of each time point, the cultures were 
washed and cell lysates assayed for TGase activity. Values 
shown are the mean :tSD of six determinations from two 
independent experiments. B: Westem-blot analysis of the 
levels of tissue TGase in freshly isolated HPBM (lane 1) and 
in HPBM cultured for 72 hr in the presence of serum- 
containing medium alone (lane 2), in medium containing 
500 nM free RA (lane 3), 500 nM liposomal RA (lane 4), or 
"empty liposomes" (lane 5). Cell lysates containing 25 ug of 
protein were subjected to Western-blot analysis as described 
in Materials and Methods. 

FIGS. 11 A and B show effect of free and liposome - 
encapsulated ROH on induction of tissue TGase in HPBM. 
A: HPBM monolayers were cultured in serum-containing 
medium alone (A) or medium containing 1 /iM of free- (O) 
or liposomal-ROH (A) for 72 hr. Then the cultures were 
washed and the cell lysates assayed for enzyme activity as 
described in Materials and Methods. B: Western-blot analy- 
sis of tissue TGase levels in freshly isolated HPBM (lane 1) 
and in HPBM cultured for 72 hr in the presence of serum- 
containing medium alone (lane 2), in medium containing 1 
fM of free ROH (lane 3), or liposome -encapsulated ROH 
(lane 4) as described in Materials and Methods. Twenty-five 
micrograms of cell protein was loaded onto each lane. 

FIG. 12(A) shows the levels of all-trans retinoic acid in 
the blood 60 min after oral administration of noD-liposomal 
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all- trans retinoic acid or i.v. administration of liposomal, 
all-trans retinoic acid. 

FIG. 12 (B) shows blood clearance of all-trans retinoic 
acid following administration of the last dose of all-trans 
5 retinoic acid. 

FIG. 13(A) shows the percentage of all -trans retinoic acid 
metabolized by isolated liver microsomes to animals 
exposed to 7 weeks of treatment with all-trans retinoic acid, 
either liposomal i.v. or oral. > 
30 FIG. 13(B) shows radioactivity (cpm) of all-trans retinoic 
acid or its polar metabolites (as discussed in association with 
FIG. 12(A)) as gathered from five animals. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

15 

Suitable therapeutic carotenoids for encapsulation in 
accordance with the present invention include various ret- 
inoids. Trans-ret inoic acid and all-trans-retinol are preferred. 
Other retinoids that are believed suitable include: retinoic 
20 acid methyl ester, retinoic acid ethyl ester, phenyl analog of 
retinoic acid, etretinate, retinol, retinyl acetate, 
retinaldehyde, all-lrans-retinoic acid, and 13-cis-retinoic 
acid. 

Lipid carrier particles, such as liposomes, can be formed 
25 by methods that are well known in this field. Suitable 
phospholipid compounds include phosphatidyl choline, 
phosphatidic acid, phosphatidyl serine, sphingolipids, 
sphingomyelin, cardiolipin, glycolipids, gangliosides, 
cerebrosides, phosphatides, sterols, and the like. More 
30 particularly, the phospholipids which can be used include 
dimyristoyl phosphatidyl choline, egg phosphatidyl choline, 
ddauryloyl phosphatidyl choline, dipalmitoyl phosphatidyl 
choline, distearoyl phosphatidyl choline, l-myristoyl-2- 
palraitoyl phosphatidyl choline, l-palmitoyl-2-rayristoyl 
35 phosphatidyl choline, l-palmitoyI-2-stearoyl phosphatidyl 
choline, l-stearoyl-2-palmitoyi phosphatidyl choline, dio- 
leoyl phosphatidyl choline, dimyristoyl phosphatidic acid, 
dipalmitoyl phosphatidic acid, dimyristoyl phosphatidyl 
ethanolaraine, dipalmitoyl phosphatidyl ethanolamine, 
40 dimyristoyl phosphatidyl serine, dipalmitoyl phosphatidyl 
serine, brain phosphatidyl serine, brain sphingomyelin", 
dipalmitoyl sphingomyelin, and distearoyl sphingomyelin. 

Phosphatidyl glycerol, more particularly dimyristoyl 
phosphatidyl glycerol (DMPG), is not preferred for use in 
45 the present invention. In the carotenoid compositions of the 
present invention, the presence of DMPG correlates with the 
appearance of amorphous structures of anomalous size, 
which are believed to render the composition much less 
suitable for intravenous administration. When DMPG is 
50 omitted, the amorphous structures are not observed. The 
undesirable effects that are apparently caused by the pres- 
ence of DMPG may result from the fact that DMPG has a 
negative charge, which may interact with the carlx)xylate of 
the carotenoid. 

55 In addition, other lipids such as steroids and cholesterol 
may be intermixed with the phospholipid components to 
confer certain desired and known properties on the resultant 
liposomes. Further, synthetic phospholipids containing 
either altered aliphatic portions, such as hydroxyl groups, 
60 branched carbon chains, cyclo derivatives, aromatic 
derivatives, ethers, amides, polyunsaturated derivatives, 
halogenated derivatives, or altered hydrophilic portions con- 
taining carbohydrate, glycol, phosphate, phosphonate, qua- 
ternary amine, sulfate, sulfonate, carboxy, amine, 
65 sulfhydryl, imidazole groups and combinations of such 
groups, can be either substituted or intermixed with the 
phospholipids, and others known to those skilled in the art. 
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A suitable intercalation promoter agent will permit the 
high molar ratio of carotenoid to lipid that is desired for the 
present invention, without substantial crystallization from 
the liposomes after they are reconstituted in aqueous 
solution, as can be observed by microscopic analysis, sepa- 
ration techniques based on buoyant density, or other tech- 
niques well known to those skilled in the art. Triglycerides 
are preferred intercalation promoter agents, with soybean oil 
as one specific example. Other suitable agents include 
sterols, such as cholesterol, fatty alcohols, fatty acids, fatty 
acids esterified to a number of moieties, such as polysorbate, 
propylene glycol, mono- and diglyce rides, and polymers 
such as polyvinyl alcohols. 

Prior to lyophilization, the carotenoid, h'pids, and inter- 
calation promoter agent can be dissolved in an organic 
solvent, such as l-butanol. Lyophilization to form a preb*- 
posomal powder can be performed using commercial appa- 
ratus which is known to persons skilled in this field. After 
lyophilization, the powder can be reconstituted as, e.g., 
liposomes, by adding a pharmaceutically acceptable carrier, 
such as sterile water, saline solution, or dextrose solution, 
with agitation, and optionally with the application of heat. 

A preferred formulation, which can be dissolved in 45 ml 
of t-butanol, is as follows: 



component 


mg 


milHmoles 


mole % 


wt % 


DMPC 


850 


1.28 


72 


77 


soybean oil 


150 


0.17 


9 


14 


tretinoin 


100 


0.33 


19 


9 



A composition of the present invention is preferably 
administered to a patient parenterally, for example by 
intravenous, intraarterial, intramuscular, intralymphatic, 35 
intraperitoneal, subcutaneous, intrapleural, or intrathecal 
injection. Administration could also be by topical applica- 
tion or oral dosage. Preferred dosages are between 40-200 
mg/m^- The dosage is preferably repeated on a timed sched- 
ule until tumor regression or disappearance has been 40 
achieved, and may be in conjunction with other fonms of 
tumor therapy such as surgery, radiation, or chemotherapy 
with other agents. 

The present invention is useful in the treatment of cancer, 
including the following specific examples: hematologic 45 
malignancies such as leukemia and lymphoma, carcinomas 
such as breast, lung, and colon, and sarcomas such as 
Kaposi's sarcoma. 

EXAMPLE 1 50 

Preparation of liposomal-all trans-retinoic acid (L- 
RA) 

Preparation of lyophilized powder containing all trans- 
retinoic acid and phospholipids was carried out as follows. 55 
A solution of retinoic acid in t-butanol (1-5 mg/'ml) was 
added to a dry lipid film containing dimyristoyl phosphatidyl 
choline (DMPC) and dimyristoyl phosphatidyl glycerol 
(DMPG) at a 7:3 molar ratio. The phospholipids were 
solubilized in the t-butanol containing the all-trans retinoic 60 
acid and the solution was freeze -dried overnight. A powder 
containing dimyristoyl phosphatidyl choline (DMPC), 
dimyristoyl phosphatidyl glycerol (DMPG), and all-trans 
retinoic acid was obtained. TTie lipid:drug ratio used was 
from 10:1 to 15:1. 65 

Reconstitution of h'posomal retinoic acid from the lyo- 
philized powder was done as follows. The lyopbihzed 
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powder was mixed with normal saline at room temperature 
to form multilamellar liposomes containing all trans-retinoic 
acid. This reconstitution method required mild hand-shaking 
for 1 mio to obtain a preparation devoid of any aggregates 
5 or clumps. By light microscopy, the recoostituted prepara- 
tion contained multilamellar liposomes of a close size range. 
No aggregates or drug clumps were identified in the lipo- 
somal preparation in three different experiments. 

Encapsulation efiBciency and size distribution of the lipo- 
somal all-trans retinoic acid preparation were determined as 
follows. The liposomal all-trans retinoic acid preparation 
was centrifuged at 30,000xg for 45 minutes. A yellowish 
pellet containing the retinoic acid and the lipids was 
obtained. By light microscopy, the pellet was composed of 
liposomes with no crystals or drug aggregates. The encap- 
sulation efiSciency was calculated to be greater than 90% by 
measuring the amount of free retinoic acid in the supernatant 
by UV. spectrophotometry. Liposomes were sized in a 
Coulter-Counter and Channelizer. The size distribution was 
as follows: 27% of liposomes less than 2 micrometers (wm), 
20 65% between 2 and 3 wm, 14% between 3 //ra and 5 /fm, 
1% more than 5 /mi. The method used for encapsulation of 
retinoids was simple, reproducible and could be used for 
large scale production, for example, for clinical trials. 
Further experiments were performed by the same proce- 
25 dure but with different lipids, ratios of lipids and the use of 
-all-trans retinoic acid. Additional lipids utilized were 
dipalmitoyl phosphatidyl chohne (DPPC) stearylamine (SA) 
and cholesterol. After sedimentation of the liposomes, 
residual ''H was determined and encapsulation efiSciency 
in calculated. Table 1 shows encapsulation efficiencies deter- 
mined by this method for various L-RA preparations. 

TABLE 1 



Encapsulation Efficiency of 
Retinoic Acid in Liposomes 



ENCAPSUl^nON EFnCIENCY 



LIPOSOME COMPOSITION (%) 



DMPCxhoiesterol 9:5 


69.3 


DMPCrcholcstcroi 9:3 


.64.5 


DPPC 


69.3 


DMPCSArcholcslerol 8:1:1 


56.7 


DMPCrDMPG 7:3 


90 


DMPC:DMPG 9:1 


90.7 



Of the lipid compositions studied, DMPCiDMPG at ratios 
between 7:3 and 9:1 gave superior encapsulation eflBcien- 
cies. Liposomal all-lrans retinol (L-ROH) was prepared by 
the methods described above for L-RA with DMPCDMPG, 
7:3. 

EXAMPLE 2 
Stability of Liposomal Retinoic Acid 

Liposomal ^H-retinoic acid (L-^H-RA) was prepared with 
DMPC:DMPG, 7:3 as described in Example 1. Samples of 
the L-'^H-RA were incubated with either phosphate-buffered 
saline (PBS) or PBS with 20% (by volume) fetal calf serum 
(PCS). After various periods of incubation at about 37** C, 
aliquots were removed and centrifuged to sediment lipo- 
somes. The tritium in the supernatant solution was measured 
to determine ^H-RA release. FIG. 1 shows the release of 
^H-RAover a two day period. The L-^H-RA was over about 
80% stable over the period of the experiment, even in the 
presence of 20% FCS. 

When ^H-all-trans retinol was used to label L-ROH and 
stability in PBS measured, only about 5% of the ^H-RGH 
was released after a 24 hr incubation at 37** C. 
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EXAMPLE 3 

In Vitro Lysis of Human Erythrocytes (RBCS) by 
Reiinoic Acid or Liposomal Reiinoic Acid 

Lysis of human red blood cells (RBCs) was quantitated by 
measuring the release of hemoglobin in the supemalants by 
observation of increases in optical density at 550 nanometers 
(nm), as described previously (Mehta, el al., Biochem. 
Biophys, Acta., Vol. 770-, pp 230-234 (1984). Free-RA 
dissolved in dimethyl forma mide (DMFA), was added to the 
RBCs. Results with appropriate solvent controls, empty 
liposomes, and empty liposomes plus free-drug were also 
noted. Release of hemoglobin by hypotonic lysis of the same 
number of human RBCs by water was taken as a 100% 
positive control, while cells treated with PBS were taken as 
negative controls. 

Preparations of L-RA comprising various lipids were 
incubated at a concentration of 20 microgram Q^) RA per 
ml with RBCs in PBS for 4 hr at 3T C. The toxicity of the 
L-RA preparations on the basis of percent RBC lysis is 
shown in Table 2. 

TABLE 2 



In Vitro Toxicity Of L-RA Preparations To RBCs 
UPOSOME COMPOSITION % RBC LYSIS 



DMPCiChoIesierol 


4.5 


9:3 




DMPCrCholesterol 


90.2 


9:3 




DPPC 


6.7 


DMPCSA :ChoIcsterol 
8:1:1 


70.4 


DMPC:DMPG 


8 


7:3 




DMPCrDMPG 


8.3 


9:3 





30 



As may be seen from the data of Table 2, L-RA of 
DMPCcholesterol, DPPC, DMPCiDMPG (7:3) and 
DMPC;DMPG (9:1) exhibited low RBC toxicity under these 
conditions. It is of interest to note that the latter two L-RA 
compositions exhibited superior encapsulation efiSciencies 
(Table 1). 

A further experiment concerning the toxicity over time of 
free RA and L-RA (DMPC:DMPG-7:3) toward RBC was 45 
conducted. Human erythrocytes were incubated at 37° C. in 
PBS with 10 ug/ml free RA or 120 ug/ml L-RA, and RBC 
lysis monitored over a period of 5 hr. FIG. 2 shows time 
courses of RBC lysis. At between about 1 hr and about 3 hr, 
the free RA extensively lysed a large majority of the 
erythrocytes. When a similar manipulation was performed 
with L-RA (DlyiPC:DMPG(7;3)) at a RA concentration of 
120 ug/ml, little RBC lysis occurred (e,, less than 10% after 
6 hr). 

A study was also conducted concerning the effects upon 55 
RBC lysis in 2 hr of free RAand L-RA(DMPC:DMPG(7;3)) 
at various concentrations. FIG. 3 shows the results of this 
study. Free RA showed hnearly increasing RBC lysis 
between about 5 ug RA/ml and about 30 ug RA/mL Lipo- 
somal RA caused RBC lysis of only about 5% at a concen- 
tration of 160 ug RA/ml. 

EXAMPLE 4 

Acute Toxicity of Free and Liposomal Retinoic 
Acid 

The acute toxicity of free and liposomal all-trans reiinoic 
acid was studied in CDl mice. Free all-lrans retinoic acid 



1,119 

10 

was prepared as an emulsion in normal saline containing 
10% DMSO and 2% Tween 80 at a concentration of 3 to 5 
mg/ml. Liposomal all-trans retinoic acid was prepared using 
a Iipid:drug ratio of 15:1. The final concentration of all-trans 

5 retinoic acid in the liposomal preparation was 3 rag/'ml. 
Empty liposomes of the same lipid composition 
(DMPC:DMPG 7:3) were also tested at doses equivalent to 
80 mg/kg, 100 mg/kg, and 120 mg/kg of liposomal -a 11 trans 
retinoic acid. Normal saline containing 10% DMSO and 2% 

10 Tween 80 was also tested as a control at a dose equivalent 
to 50 mg/kg of free all-trans retinoic acid. All drugs tested 
were injected intravenously via tail vein as a single bolus. 
The injected volumes of free and liposomal-all-trans retinoic 
. acid were the same for each dose. 

Table 3 shows data obtained from these acute toxicity 
experiments. 

TABLE 3 



Acute Toxicity of Free and 
Liposomal AH -Trans Retinoic Acid 

Number Number 





Dose 


Animals 


Animals 


Dnig 


(mg/kg) 


with seizures 


alive (72 hr) 


Free RA 


10 


0/6 


6/6 




20 


6/6 


5/6 




30 


6/6 


4/6 




40 


3/3 


0/3 




50 


3/3 


0/3 


L-RA 


40 


0/6 


6/6 




60 


0/6 


6/6 




80 


0/6 


6/6 




J 00 


0/6 


6/6 




120 


0/6 


6/6 


Empty Liposomes 


80 


0/6 


6/6 




100 


0/6 


5/6 




120 


0/6 


6/6 


Normal saline 








10% DMSO 








2% Tween 80 


50 


0/6 


6/6 



The maximum non-toxic dose of free all -trans retinoic 
acid was 10 mg/kg. Higher doses caused seizures immedi- 
ately after injection. The acute LD^q (deaths occurring up to 
72 hours after injection) of free all-trans retinoic acid was 32 
mg/kg. The cause of death was cardiopulmonary arrest after 
seizures for 1-2 minutes in all animals. No seizures or 
deaths were observed in the animals treated with liposomal 
all- trans retinoic acid at a dose of 120 mg/kg (maximum 
non-toxic dose and LD50 greater than 120 mg/lcg). Higher 
doses were not tested. No seizures were observed in the 
animals treated with empty liposomes or normal sahne with 
10% DMSO and 2% Tween 80. 

EXAMPLE 5 

In Vitro Inhibition of Tumor Cell Growth 

Liposomal all-trans retinoic acid (L-RA) was prepared as 
described in Example 1. 

Cells of the human monocytic cell line TOP-l were 
inoculated into samples of eucaryotic cell culture medium in 
the presence or absence of L-RA, at a final RA concentration 
of 1 micromolar Qim). After 24 hr at 37** C, ^H-thymidine 
was added to each culture and incorporation thereof into 
cellular polynucleotides measured. Table 4 shows the per- 
centage of tumor growth inhibition as reflected by decreases 
in ^H-thyraidine incorporation induced by L-RA of differing 
lipid compositions. 



5,811,119 



11 



TABLE 4 



L-RA Inhibition of Tumoi Cell Growth 


LIPOSOME COMPOSITION 


TUMOR CELL (THP-1) 
INHIBITION (%) 


DMPCChoIesteroI 


72 


9:1 




DMPCrCholcstcroI 


22 


9:3 




DPPC 


8 


DMPC:SAK:hoIesteroI 


84 


8:3:3 

DMPC:DMPG 


70 


7:3 




DMPC:DMPG 


32 


9:3 





12 



10 



35 



metastases of M5076 reticulosarcoma. C57BL/6 mice were 
inoculated with 20,000 M5076 cells on day 0. Intravenous 
treatment with 60 rag/kg liposomal all-trans retinoic acid 
was given on day 4, The mean survival of control animals 
(non-treated) was 21.8+1.6 days. The mean survival of 
treated animals was 27.0±1.6 days. Liposomal all-trans 
retinoic acid was shown, therefore, to have antitumor activ- 
ity at a dose well below the maximum no n -toxic dose, 
against a cell line (M5076) which was resistant to free 
retinoic acid in in vitro studies. THP-1 cells treated in vitro 
with RA(1 MM) for 72 hours when injected subcutaneously 
into male mice, failed to develop into tumors, whereas 
untreated cells foraied a huge mass of tumors in such mice. 

EXAMPLE? 



From Table 4, it should be noted that L-RA 
(DMPC:DMPG-7:3), which, as previously shown herein, 
gave a superior encapsulation efficiency and showed-a low 
RBC toxicity (Tables 1 and 2), also effectively inhibited the 
tumor cell growth. 

Cells of the human monocytic cell line THP-1 and of the 
human histiocytic cell line U-937 were inoculated at about 
20,000 cells per cell in aliquots of eucaryotic cell culture 
medium contained in wells of a 96 well microtiter plate. The 
medium in various wells contained different amount of free 
RAor L-RA(DMPC:DMPG 7:3). The cells were incubated 
for 72 hr at 37^ C and cell growth determined and compared 
to that of controls without any form of retinoic acid. RG. 4 
shows the inhibition of THP-1 cell growth by increasing 
concentrations of free RA or L-RA (DMPCDMPG 7:3). At 
concentrations of less than 1 fi% RA/ml, both preparations 
inhibited cell growth by over 90%. 

The human monocytic leukemia THP-1 cells, after a 72 hr 
incubation with either free RAor L-RA at a concentration of 
0.3 /ig RA/ml, were observed to have lost their generally 
ovate form and to have a more flattened and spread mor- 
phological appearance often associated with cellular differ- 
entiation. The generally ovate form was retained when the 
ceils were cultured in the absence of any free or liposomal 
retinoic acid. 

After incubation for 24 hr with 0.3 //g/ml or 0.6 fi%Jm\ RA 
or L-RA in another experiment, THP-1 cells had increased 
levels of tissue transglutaminase enzymic activity, a marker 
for monocytic cell differentiation. As shown in FIG. 5, 
THP-1 cells, at 4x10* cells/ml, showed about 500% greater 
transglutaminase activity when incubated with L-RA as 
compared to free RA at equivalent retinoic acid concentra- 
tions- 
Cells of the human histiocytic cell line U-937 were 
distributed and cultured under the same conditions as the 
THP-1 cells in the prior experiment. FIG. 6 shows the effects 
upon cell growth of increasing concentrations of free all- 
trans retinoic acid (RA), liposomal (DMPC:DMPG 7:3) 
a 11 -trans retinoic acid (L-RA) and empty liposomes (which 
were devoid of retinoic acid). It should be noted that the 
U-937 cells were almost completely growth-inhibited by 
L-RA at a retinoic acid coocentralion of about 10 ug/ml 
while this amount of free RA inhibited growth less than 
50%. 

EXAMPLE 6 
Antitumor Activity of Liposomal 
All-Trans Retinoic Acid in vivo 
The antitumor activity of liposomal-all trans retinoic acid 
(DMPC:DMPG 7:3) was tested in vivo against liver 



Induction of Tissue Transglutaminase in Human 
Peripheral Blood Monocytes by Intracellular 
Delivery of Retinoids, 

Circulating blood monocytes are the precursors of mac- 
rophages which accumulate at the sites of tumor rejection 
[2], delayed hypersensitivity [25], chronic inflammation [6], 
and at the site of damaged tissue as a part of the heahng 
processes [11] (see reference citations in section D). At these 
sites, peripheral blood monocytes acquire new functional 
and biochemical characteristics that are associated with the 
maturation or differentiation process. To understand clearly 
the mechanisms involved in differentiation, it is necessary to 
manipulate the extracellular environment and assess pre- 
cisely a variety of cellular functions and biochemical activi- 
ties. 

Vitamin A and its analogues (retinoids) have been shown 
35 to exert a profound effect on the differentiation of monocytic 
cells. Both normal [19] and leukemic [7,17,28] monocytic 
celk differentiate in response to retinoids which might 
suggest that retinoids play a role in regulating the differen- 
tiation of these ceUs. According to recent reports, the cellular 
40 activity of transglutaminase (TGase), an enzyme that cata- 
lyzes the covalent cross-linking of proteins, may be directly 
linked to the retinoid's action [4,15,21,23,35,39,39]. 
Recently, the present inventors found that in vitro maturation 
of human peripheral blood monocytes (HPBM) to 
45 macrophage -like ceUs was associated with the induction and 
accumtilation of a specific intracellular TGase, tissue TGase 
[19,22]. Gamma (g)-interferon, which promotes the tumori- 
cidal properties in HPBM, also augmented the expression of 
tissue TGase [19]. Similarly, the activation of guinea pig and 
50 mouse macrophages in vivo was associated with a marked 
increase in tissue TGase activity [10,24,34]. Terminal dif- 
ferentiation of human monocytic leukemia cells (THP-1) 
induced by phorbol ester and retinoic acid was associated 
with induction and accumulation of tissue TGase (17], 
55 suggesting that the induction of tissue TGase was a marker 
of monocytic cell differentiation. The present invention 
involves further definition of the role of retinoids in differ- 
entiation and maturation of HPBM and comprises studies of 
culture conditions that inhibit or facilitate the internalization 
60 of retinoids by HPBM on expression of tissue TGase. The 
studies herein demonstrate that HPBM, isolated into two 
subpopulalions, show no significant difference in their abil- 
ity to express tissue TGase activity induced by either in vitro 
culture or exposure to recombinant interferon gamma (rlFN- 
65 g), and that the expression of tissue TGase in cultured 
HPBM may be induced by a direct delivery of retinoids to 
intracellular sites. 
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A. Materials and Methods 

1. Materials 

RPM 1-1640 mediurn supplemented with L-glulamine and 
human AB serum were from Gibco Laboratories (Grand 
Island, N.Y); Escherichia co//-derived human recombinaol 5 
g-interferon (rIFN-g) was kindly supplied by Genenlech Inc. 
(South San Francisco, Calif.); and all-trans relinol (ROH) 
and all-trans retinoic acid (RA) were purchased from Sigma 
Chemical Co. (St. Lxiuis, Mo.). The chroma tographica 11 y 
pure lipids dimyristoyl phosphatidyl choline (DMPC) and lo 
dimyristoyl phosphatidyl glycerol (DMPG) were from 
Avanli Polar Lipids (Birmingham, Ala.); tritiated putrescine 
(sp. act. 28.8 Ci/mmol), from New England Nuclear 
(Boston, Mass.); and triliated ROH (sp. act. 15 mci/ramol), 
from Amersham (Arlington Heights, 111.). Lipids, culture 15 
medium, and serum were screened for endotoxin with the 
Limulus amebocyte lysate assay (MA Bioproducls, 
Walkersville, Md.), and they were used only when endotoxin 
contamination was less than 0.25 Dg/mL 

2. HPBM Isolation, Purification, and Culture 20 
Pure populations of HPBM were obtained by countercur- 

rent centrifugal elutriation of mononuclear leukocyte-rich 
fractions obtained from normal donors who were undergo- 
ing routine plateletpheresis [12]. HPBM were isolated into 
two subpopulations according to size with a Coulter ZBI 25 
counter and C-1000 channelizer (Coulter Electronics, 
Hialeah, Fla.). The median volume of small monocytes was 
255 mm^, and that of the large monocytes was 280 mm^. The 
small monocytes were 95%x3% nonspecific esterase- 
positive and the large monocytes were 98%±2% positive. 30 
Detailed procedures for isolation and characteristics of these 
subpopulations have been published elsewhere [3637]- 
Small, large, or mixed (obtained by mixing equal parts of 
small and large HPBM) HPBM subpopulations were washed 
once with medium (RPMI-1640 supplemented with 35 
L-glut amine, 20 mM HEPES buffer, 20 ug/ml gentamicin, 
and 5% human AB Serum) and resuspended to 0.5 million/ 
ml density in the same medium. The cells were dispensed in 
4-ml samples into 35-mm-well plates and cultured under 
. appropriate conditions. 40 

3. Enzyme Assay 

Tissue TGase activity in cell extracts was measured as a 
Ca^^, dependent incorporation of [^H] putrescine into dim- 
ethylcasein. In brief, cultured HPBM were washed three 
times in Tris-buffered saline (20 mM Tris-HQ, 0.15M NaQ, 45 
pH 7.6) and scraped from the dish in a minimal volume of 
the same buffer containing 1 mM EDTA and 15 mM 
Beta-mercaptoethanol. The cells were lysed by sonication, 
and TGase activity in the lysales was determined as 
described previously [13,20]. The protein content in cell 50 
lysates was determined by Lowry's method [14] with bovine 
gamma globulin as standard. The enzyme activity was 
expressed as nanomoles of putrescine incorporated into 
dimethyl-casein per hour per milligram of cell protein. 

4. Immunochemical Detection of Tissue TGase 55 
To detect tissue TGase in cell extracts, the cell lysates 

were solubilized in 20 mm Tris-HCl (pH 6.8) containing 1% 
sodium dodecyl sulfate (SDS), 0.75M Beta- 
mercaptoethanol, 2.5% sucrose and 0.001% bromophenol 
blue. Solubilized extracts were fractionated by electrophore- 60 
sis on a 6.5% discontinuous polyacrylamide gel and elec- 
troblotied onto nitrocellulose paper. The paper was neutral- 
ized with 5% bovine serum albumin and treated with 
iodinated anti-tissue TGase antibody; the preparation, char- 
acterization and properties of this antibody have been 65 
described elsewhere (24]. The unbound antibody was 
removed by washing the paper in Tris-HCl buffer (50 mM, 
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pH 7,5) containing 200 mM NaCI, 5 mM EDTA, 0.5% 
Triton X-100, 0.1% SDS, and 025% gelatin, and the paper 
was dried and autoradiographed as described earlier [20,24]. 
5- Preparation of Liposomes 

Multilamellar vesicles (liposomes) containing DMPC and 
DMPG at a molar ratio of 7:3 were prepared as described 
[16,18]. All -trans ROH or RA were encapsulated by adding 
the required amount of the drug (predissolved in ethanol) in 
lipid-containing organic solvents before vacuum drying. The 
dried lipid -drug film was dispersed by agitation in sterile 
saline solution. Retinoids up to a 1:10 drug:lipid ratio could 
be completely encapsulated within the liposomes and were 
highly stable. The stability and encapsulation eflSciency of 
the liposome preparations were studied by using radiola- 
beled retinol and showed that only 5%+2% of the incorpo- 
rated radioactivity leaked out in the supernatant after 24-hr 
incubation at 37** C. 

6, Binding Assay for [^HJROH 

Freshly isolated HPBM were cultured in serum containing 
medium alone or medium plus 50 units (U)/ml rIFN-g for 
varying periods of time. At the end of indicated time periods, 
HPBM monolayers were washed twice in ice cold medium 
and resuspended in 0.5 ml of prechilled reaction mixture 
containing 5.0 microcuries (wCi)/ml [ll,12(n)^H] vitamin A 
(free ROH) in RPMI medium supplemented with 5% deli- 
pidized human AB serum (serum delipidization was done by 
organic solvent extraction as described earlier [33]. Binding 
assays were carried out for 1 hr in an ice bath. After a 1-hr 
incubation, the monocyte monolayers were washed six times 
with ice-cold medium and the cells were lysed in 200 of 
Triton X-100. Fifty- microliter aliquots of cell lysates, in 
triplicate, were counted for the cell- associated radioactivity. 
Background counts, obtained by adding the reaction mixture 
toward the end of the 1-hr incubation before harvesting, 
were subtracted from the experimental values. 
B. Results 

1. Tissue TGase Induction During In Vitro Culture of 
HPBM 

The culture of HPBM in the presence of serum-containing 
medium for up to 10 days was associated with a marked 
induction of tissue TGase activity in both small and large 
HPBM (FIG. 7), the increase in enzyme activity being more 
rapid after about 4 days of culture. After 10 days in culture, 
small monocytes showed a 93-fold increase in enzyme 
activity (from 0.44 to 41.1 nmol/'hr/mg), whereas large 
HPBM accumulated about 103-fold increase in the enzyme 
activity (from 0.36 to 37.4 nmol/hr/mg). Small and large 
HPBM mixed together and cultured under similar conditions 
showed no significant difference in the rate and amount of 
accumulation of tissue TGase activity compared with that of 
individual HPBM fractions (data not shown). Induction of 
enzyme activity was associated with a change in the mor- 
phology of cultured monocytes. Freshly isolated HPBM 
looked rounded, but after 6-^8 days in culture both the large 
and small HPBM became firmly adherent to the plastic 
surface, were more spread and flattened, and had the appear- 
ance typical of mature macrophages. By day 10, when the 
cells had accumulated maximal levels of enzyme activity, 
these levels then either plateaued or started declining. 

2. Effect of rlFN-g on Tissue TGase Expression 
The effect of continuous exposure to rIFN-g on induction 

of tissue TGase activity in HPBM is shown in FIG. 8. Small 
and large monocytes were cultured in serum-containing 
medium for 72 hr in the presence of increasing concentra- 
tions of rlFN-g. Enzyme activity in the HPBM populations 
increased significantly after their continuous exposure lo 
rIFN-g compared with that of cells cultured in the presence 
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of medium along. However, rIFN-g dose size produced no 
significant difference in enzyme activity between the two 
HPBM populations. As previously noted [19], a 100-U/mI 
dose of rIFN-g seemed to be optimal for augmenting TGase 
activity; higher rIFN-g-concentrations were less effective. 
TTie inductive effect of rlFN-g on tissue TGase activity was 
evidence at 5 U/ml and pretreatment of HPBM cultures with 
rlFN-g (100 U/ml) followed by washing and subsequent 
culture in medium alone did not enhance the expression of 
tissue TGase. The rIFN-g-induced augmentation of tissue 10 
TGase was associated with morphologic changes in HPBM 
so that the rl FN -g- treated cells were more spread out and 
flattened lhan the untreated control cells after three days in 
culture. 

3. Effect of Retinoids on Tissue TGase Induction 15 
Since the two HPBM populations showed no heteroge- 
neity in terms of induced tissue TGase levels, our subse- 
quent studies were done with whole HPBM fraction without 
separation into subsets. HPBM cultured in the presence of 
500 nM RA for 24 hr accumulated at least three-fold higher 20 
enzyme activity than did the control cells cultured in 
medium along (FIG. 9). Continuous exposure to RA caused 

a rapid and linear increase in the enzyme activity, whereas 
in the control cells no significant change in the level of tissue 
TGase activity was observed for up to 2 days of culture. By 25 
day 3, the control cells accumulated about six-fold higher 
enzyme activity (3.4 nmol/hr/mg) than did freshly isolated 
HPBM (0.6 nmol/hr/rag), but they still had significantly less 
enzyme activity than the RA-treated cells (9.8 nmol/hr/mg). 
Retinoic acid-induced expression of tissue TGase was dose 30 
dependent (FIG. 9 inset). ROH, the physiologic analogue of 
RA, did not induce the expression of tissue TGase in HPBM 
even at a dose of 1 ;^M. Thus, HPBM cultured in the 
presence of ROH for up to 3 days showed no significant 
difference in accumulation of tissue TGase activity when 35 
compared with that of control cells cultured in medium 
along (FIG. 9). 

4. Effect of Liposome-Encapsulated Retinoids on Tissue 
TGase Induction 

Liposome-encapsulated R A \vas more effective in indue- 40 
ing tissue TGase expression than was free RA at an equimo- 
lar concentration. After 24-hr culture, the amount of tissue 
TGase activity in HPBM induced by free or liposomal RA 
at an equimolar concentration of 500 nM was not signifi- 
cantly different (3.4 and 3.7 nmol/hr/rag, respectively); after 45 
48 and 72 hr, however, liposomal RA-treated cells accumu- 
lated at least 50% more enzyme activity than did free 
RA-treated cells (FIG. 10 A). That increase in enzyme activ- 
ity by liposome-encapsulated RA was a specific effect of RA 
and not of lipids was demonstrated by the fact that a culture 50 
of HPBM in the presence of "empty liposomes," and con- 
taining equivalent amount of lipids did not induce enzyme 
activity throughout the incubation period. "Empty 
liposomes," as reported earlier [20], inhibited serum- 
induced expression of tissue TGase after 72 hr of culture 
(FIG. lOA). The free or liposomal RA-induced increase in 
enzyme activity was caused by an increased amount of the 
enzyme peptide, as revealed by Western-blot analysis of cell 
lysates using a iodinated antibody to tissue TGase (FIG. 
lOB). The increase in enzyme activity was proportional to 
the increase in enzyme peptide and not caused by activation 
of preexisting enz>'me. 

Retinol, which in its free fonn was unable to enhance the 
expression of tissue TGase in HPBM, became active when 
presented in liposomal form. Liposome-encapsulated ROH 
caused a rapid and linear increase in tissue TGase activity 
with time in culture (FIG. 11 A). After 72 hr of culture. 
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liposomal -ROH caused a nine-fold increase in enzyme 
activity (7.1 nmol/hr/mg) when compared to that of control 
cells exposed lo free ROH under similar conditions (0.8 
nmol/hr/mg). Liposomal ROH-induced expression of tissue 
5 TGase resulted from increased accumulation of the enzyme 
peptide as demonstrated by Western-blot analysis (FIG. 
IIB). 

5. Tissue TGase induction is Related to HPBM Uptake of 
Retinoids 

The effect of in vitro maturation and rIFN-g treatment on 
the binding of tritiated-ROH by HPBM was examined. After 
4 days of control culture (medium dose), tritiated-ROH 
binding by HPBM increased 50% compared to this binding 
by freshly isolated cells. After 9 days the control culture 
binding value increased to 350%. The increases in ROH 
binding were associated with parallel increases in tissue 
TGase activity (Table 5). 

TABLE 5 



Effect of In Vitro Culture and rIFN-g 
Treatment on f^Hl ROH Binding by HPBM 







l^H] ROH bound 


Tissue TGase 




Days in 


(cpm/lO fi% 


activity 


Qilturc Conditions 


Oilture 


protein) 


(nmol/hr/mg) 


medium alone 


0 


684 ±25 


0.25 ± 0-13 




4 


994 ±115 


2.96 t 0-75 




9 


2^20 ± 144 


32.60 ± 8-50 


medium alone 


3 


626 X 37 


2.9 ± 0.23 


medium + rlFN-g 


3 


1,782 ±130 


7-6 ±0.7 



'HPBM were cultured in scmm-containing medium alone or medium con- 
taining 50 U/ml rIFN-g for indicated periods of time, 
'binding of tritiated ROH during different periods of culture was determined 
as described in Materials and Methods. 

*^ParalIc] cultures of HPBM maintained under similar conditions were used for 
assaying enzyme activity as described in Materials and Methods. 

Exposure of HPBM to rIFN-g augmeoted the ROH bind- 
ing and the expression of enzyme activity. The rlFN-g- 
treated cells showed a threefold higher [^H]ROH binding 
than did control cells incubated in the presence of serum- 
conlaining medium alone for the same period of time. The 
presence of delipidized serum in the reaction mixture was 
essential; only 10% of the total counts were cell-associated 
when delipidized serum was omitted from the reaction 
mixture. 
C. Discussion 

The results reported in this Example suggested that 
HPBM, isolated into two populations based on their size and 
density, have equal potential to differentiate into mature 
macrophages. The in vitro maturation of HPBM to mac- 
rophages was associated with enhanced binding and uptake 
of retinol, presumably as a result of the acquisition of cell 
surface receptors for serum retinol-binding protein. Expo- 
sure of HPBM to rIFN-g for 72 hr led to enhanced binding 
of [^H]ROH that was comparable to the binding activity of 
55 control HPBM cultured in vitro for 9 days. HPBM matura- 
tion induced by in vitro culture or by exposure to rIFN-g was 
accompanied by similar morphologic and enzymatic 
changes. The requirement of cell surface receptor for serum 
retinol-binding protein could be circumvented by direct 
60 intracellular delivery of ROH. 

Recently, several reports have suggested an association 
between monocytic cell differentiation and induction of 
tissue TGase [10,17,19,21-2434]. Freshly isolated HPBM 
that have very low levels of tissue TGase accumulate large 
65 amounts of this enzyme after their in vitro maturation 
[19,22]. Just as the two subpopulations of HPBM showed no 
significant difference in their ability lo induce and accumu- 
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late tissue TGase activity during in vitro differentiation to 
macrophages, both fractions were equally responsive to the 
effect of rlFN-g in terms of augmented enzyme expression 
(FIG. S). Functional heterogeneity among HPBM subpopu- 
lations isolated by similar criteria has been reported earlier. 5 
Thus, the subsets of HPBM isolated into small and large 
populations have been reported to produce different amounts 
of reactive oxygen species [37], prostaglandins [1,30]) anti- 
body dependent cell-medicated cytotoxicity [27], and 
tumor-cell killing [26]. This functional heterogeneity among 30 
HPBM subpopulations has been attributed to either matu- 
rational or clonal differences. The data presented herein, 
however, suggest no heterogeneity among HPBM subpopu- 
lations in induction of tissue TGase, a marker for monocytic 
cell differentiation, and equal potential for differentiating 15 
into mature macrophages. The ability of rIFN-g to enhance 
tissue TGase expression in both HPBM subpopulations 
suggests that this endogenous cytokine may play an impor- 
tant role in the maturation, differentiation, and expression of 
differentiated functions in monocytic cells. 20 

The factors in serum responsible for induction and accu- 
mulation of tissue TGase in cultured HPBM and macroph- 
ages have been shown to be endogenous retinoids and serum 
retinol-binding protein [21]. Extraction of retinoids by deli- 
pidization or depletion of retinol-binding protein from the 25 
serum completely abolished its enzyme -inducing ability 
[19,21]. Serum retinol-binding protein is believed to be 
responsible for intravascular transport and delivery of retinol 
to specific target tissues [8,9,29,31]. Receptors for serum 
retinol-binding protein present on the surface of target cells 30 
are responsible for the specificity of the delivery process 
[9,31]. The binding of ROH-retinol-binding protein com- 
plex to cell surface receptors apparently facilitates the 
delivery of ROH into the interior of the cell [9,31]. At 
superphysio logic doses (greater than 10 nM) on the other 35 
hand, RA can enter the cells directly by simple diffusion 
without the participation of surface receptors for retinol- 
binding protein [21]. This suggested that freshly isolated 
HPBM probably lack the cell surface receptors for serum 
retinol-binding protein and therefore cannot internalize the 40 
endogenous or exogenous retinoids. Indeed, the addition of 
exogenous RA to HPBM cultures at doses (e.g. greater than 
10 nM) at which the receptor-mediated delivery becomes 
irrelevant resulted in a marked induction of tissue TGase 
activity (FIG. 9). The enzyme-inducing ability of RA was 45 
augmented further by encapsulating RA within the lipo- 
somes and allowing its internalization via phagocytosis 
(HG. 10). 

Of particular interest was the effect of ROH, which, in its 
free form did not induce the expression of tissue TGase in 50 
freshly isolated HPBM. When ROH was encapsulatied 
within liposomes, however, the requirement for a cell sur- 
face receptor for serum retinol-binding protein was obvi- 
ated. Thus liposomal ROH induced a significant level of 
tissue TGase activity in HPBM (FIG. U). This suggested an 55 
effective approach for targeting retinol or its inactive ana- 
logues to the monocytic cells with no or minimal toxic 
effects. Because HPBM lack cell surface receptors for serum 
retinol-binding protein makes administered ROH subject to 
nonspecific internalization by other cell types. The present 60 
studies suggested, furthermore, that interaction of ROH- 
retinol binding-protein complex with the cell surface recep- 
tor is required only for the intracellular delivery of retinol 
and that, unlike in the case of other hormones [3], ligand- 
recepior interaction may not require a second messenger for 65 
expression of the final event. The increase in TGase enzyme 
activity induced by free RAor h'posome-encapsulaled RAor 
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ROH, was the result of the accuniulalion of enzyme protein 
rather than the activation of preexisting enzyme, as revealed 
by immunoblots of the cell lysates using an iodinated 
antibody to tissue TGase (FIGS. 10,11). 

Preliminary data on tritiated ROH-binding (Table 5) fiir- 
ther supported the concept that in vitro differentiation of 
HPBM to mature macrophages was associated with acqui- 
sition of cell surface receptors for retinol-binding protein 
and that treatment with rIFN-g augmented the expression of 
these receptors. Once the HPBM acquire these receptors, 
they could internalize the endogenous retinoids and induce 
the expression of tissue TGase. Indeed, retinoids have been 
shown specifically to trigger the gene for tissue TGase in 
myelocytic cells [23]. 

Impairment of macrophage function in retinoid -deficient 
animals has been well documented to lead to increased 
incidence of infections and decreased tumor-cell kiUicg [5]. 
In cultures of guinea pig peritoneal macrophages, RA has 
been reported to increase the intracellular levels for the 
turaoricidal enzyme arginase [32]. The present findings that 
retinoids play an important role in the differentiation process 
of HPBM support the idea that retinoids are the important 
regulators of monocyte/macrophage hinctions. 
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EXAMPLE 8 

In vivo Administration 
A. Materials and Methods 

1. Liposomes and liposomal all-trans retinoic acid Lipo- 
somal all-trans retinoic acid was prepared from lyophilized 
powder in bottles containing 3 mg of all -trans retinoic acid 
and 45 mg of a mixture of two phospholipids, dioiyristoyl 
lecithin and dimyristoyl phosphatidylglycerol in a 3:7 ratio 
(Avanti Polar Lipids, Birmingham, Ala.). Immediately 
before use, liposomal all-trans retinoic acid was reconsti- 
tuted by adding 3 ml of normal saline to each bottle and 
agitating the suspension on a vortex mixer for 2-3 min. The 
reconstituted preparation consisted of multilamellar lipo- 
somes (average size, 3.1 /^m). 

2. Animals 

Six- week-old Lewis rats (Charles River. Wilmington, 
Mass.) were used for these studies. Groups of eight female 
rats each were administered 5 mg/kg body weight of either 
all-trans retinoic acid (mixed with mineral oil) orally or 
liposomal all-trans retinoic acid, intravenously (in tail vein). 
Each rat received a total of 15 doses, twice a week, 3-4 days 
apart, for 7 weeks. Blood samples of 150 fA were collected 
from tbe tail vein 5, 30, 60, and 90 minutes following 
administration of the last dose and analyzed for all-trans 
retinoic acid levels by HPLC. Blood samples were also 
collected 60 min after administration of the first and sixth 
dose and analyzed for all-lrans retinoic acid. Ninety minutes 
after the last dose, all the animals were killed and blood 
samples of 3 ml were collected to study the hematologic and 
65 blood chemistry parameters. Sections of tissues were col- 
lected on dry ice for further processing or were fixed in 
formalin for histopathologic analysis. 
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3. Cellular retinoic acid-binding protein (CRABP) Reverse phase HPLC was also used for determining (he 
Liver samples were coilecled 90 minutes after the last blood concentrations of all-trans retinoic acid. All proce- 

dose and processed individually. Total CRABP (CRABP I dures were performed in a room with the lights dimmed. 

aod II) levels were quantitated by slab gel electrophoresis. Whole blood samples (200 /il) were extracted twice (1 ml 

Briefly, cytoplasmic proteins were extracted and 100-200 /ig 5 each) with methanol. After centrifugation, the supematants 

protein were incubated overmght at 4° C in a 100/^1 solution ^vere vacuum-dried and the dried pellets were reconstituted 

of 50 DM [H]-aU-trans retinoic acid (specific activity 49.3 200 //I of methanol. The recovery of all-trans retinoic acid 

Ci/mmol; and 2 mM dithioihreitol with or without 200-fold ^^^^^ ^^^^^ conditions was calculated to be 85%±7%. The 

excess of unlabeled all-trans reUnoic acid. Reactants were ^p^^ -^^j^^^ 3 Zbrbax-CS reverse 

fractionated over vertical slab gel polyacrylamide electro- „ . , o c i i> \ ^n. lm 1. 

phoresis under native conditions. Aftef electrophoresis the Phasecolumn (4mmx8cm; Supelco, Pa.). Themo^^^ 

gel was divided into lanes and cut into 5 mm bands; consisted of a bnear gradient between solvent A 

radioactivity was assessed in a liquid scintillation counter. (2^-^^) containing 0.04% ammonium acetate. pH 4) 

Specific binding was determined from the radioactivity and solvent B (100% THF) during a 16 minute run at a flow 

recovered with or without the 200-fold excess of unlabeled ^^^^ ^-^ ml/ram. The absorbance was monitored at 346 

retinoid. ^5 cm. Retention time for all-trans retinoic acid under these 

4. In vitro metabolism of all-trans retinoic acid conditions was approximately 9.8 minutes. 
Liver samples obtained from the animals at the time of 6. Determination of P450 levels 

death were rinsed in ice-cold saline and homogenized indi- Cytochrome P450 levels io liver microsomes were deter- 

vidually in a 3-foId volume of 0.25M sucrose 0.05M Tris- mined speclrophotometrically. The assay system is based on 

HCl (pH 7.4) using a Teflon® glass homogenizer. 20 the carbon monoxide (CO) difference spectra of dithionite- 

Microsomcs were isolated by differential centrifugation at reduced samples, assuming a value of 91 mM/cm for the 

(10,000 g for 20 rain; 100,000 g, 60 min). The microsomal ujoJar extinction increment between 450 and 490 nv^- The 

pellet was suspended in 0.05MTris-HCl(pH 7.4), portioned P450 activity was calculated by the following formula: 

into aiiquots and stored at -70° C. Protein content was (change in absorbance bet\veen dithionite-reduced sample 

determined by Biorad Protein Assay using bovine serum 25 and CO sample alone)/91xl000: it was expressed as nm/mg 

albumin as the standard. protein. 

The assay buffer and conditions used for determining the j Statistical analvsis 

abihty of microsomes to metabolize fcarboxyl-^^'C] all-trans -n, „ 1 V *u 1 j i_ - 

. ^ , . . ^^J-^., ,^ ^ JThe mean values for the groups were analyzed by usine 

relinoic acid (specific activity 13.7 Ci/nmo ) were essen- c* «» « . . r ,11 

, . , n J , ^x, , , Student s t-test for paired samples, 

tialiy the same as those described by Van Wauwe el al., J. 30 p „ . 

Pharmac. exp. Ther., Vol. 245, 718. After 30 min, the ^ Results 

reaction was stopped by cooling and the samples were Hematologic and blood chemistry analysis of samples 
Ivophilized to dryness. Dried residues were extracted with ^i"" admimstration of the last dose of 
methanol containing butylated hydroxyanisole (0.05%, v/v), »»posomal or non-hposomal all-trans retinoic acid, summa- 
and the extracts were evaporated and redissolved in small 35 "^^^ *° ^^^^^ revealed no significant changes, except that 
volumes of methanol (25-50 u\). All-trans retinoic acid and "^"'^^^ circulating segmented neutrophils was sig- 
metabolites were then separated by thin layer chromatogra- "^ficantly decreased m animals treated with either drug 
phy by spotting 20,000-25,000 cpm on 0.25.mm silica- formulation. This decrease m circulating neutrophils was 
coated plastic sheets, and developing in a solution of more pronounced m rats treated with non-liposomal all-trans 
benzene, chloroform, and water (4:1:1). The radioactive 40 ^^^l^^!^ ^^^^ ^^^^ '° ^^^^e treated with liposomal all-trans 
spots were located by spraying, the plates with EN^Hance ^^'^ untreated Controls (p<0.05). Similarly, no 
(New England Nuclear) and autoradiography. The radioac- appreciable change was observed in most of the blood 
live bands were scraped out, extracted with Solvable (New chemistry parameters studied, except both the non- 
England Nuclear) and counted in a scintillation counter. The liposomal alMrans retmoic acid and liposomal all-trans 
extent of ali-trans retinoic acid metabolism was determined 45 acd-treated rats showed slight increases in alkaline 
from the proportions of cpm in appropriate zones and Phosphatase levels (Table 6). 
expressed as a percentage of the total amount of radioac- 
tivity recovered. TABLE 6 

5^HPLC analysis HEMATOLOGICAL AM) BLOOD CHEMISTRY PARAMETERS 

The extent of all-trans retinoic acid metabolism by iso- 50 of rats following LONG-TERM administration 

la ted liver microsomes was also determined by HPLC of FREE atra and l-atra* 

analysis. The reactants were lyophilized and the residues 

were extracted twice with 2 ml of methanol containing ^(tl)"^ 

0.05% butylated hydroxyanisole (Sigma Chemical Co., St. Control (5 mg/kg body weight) 

Louis, Mo,). After centrifugation, the supernatants were 55 ; 

aspirated and evaporated. The resulting pellets were "aT^c°tlT"' 

re-extracted in a melhano!:dichlororaethane solution (75:25) 

and again evaporated in vacuo. More than 80% of the added wbCs (x lo^'mm^) 5.3 n ].9 4.3 1: 1.3 63 3.8 

all-trans retinoic acid was recovered. The final pellet was ^^^s (x io*/mai^) 7.3 ±0.3 7.0 rO.3 6.6^0.5 

mixed vvi.h 200^1 of a.obae Ph for reverse-phase HPLC. 60 ^S^Z^ e^'o : ?06 5";o : 2.2 su'o I lo7 

A portion of each sample (150 /d) was analyzed on a 10-//m scgs (x lO 59.3 ± 4.9 28.6 ± 8.6 46.0 r 14.3 

Cjg Bondapack column (3-9x300 mm; Waters Associates, Lymph (x 30^/mm') 40.o £ 4.3 69.0 £ 30.0 54.3 ±. 9.0 

Farmingham, Mass.). Samples were eluted with a solution of Blood chemistry 

methanol, water, and formic acid (60:40:0-05) containing 10 pa^a*"*^*^ ^ f~ „^ 

. Electrolytes (mEq/L) 

raM ammonium acetate at a flow rate of 2 ml/rain. After 20 65 ^^-^ 

min, the solvent was changed to 100% methanol in order to K* 3.8 * 0.2 4.1 * 0.2 3.8 ^ 0.4 
elute all-trans retinoic acid. 
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TABLE 6-coDtinued 
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hematouxjIcaland blood chemistry parameters 

OF RATS FOLLOWING LONG-TERM ADMINISTRATION 
OF FREE ATRA AND L-ATRA* 



Control 



ATRA L-ATRA 
(p-o.) (i-v.) 
(5 mg/kg body weight) 



Na* 


142.6 X 0.6 


14X7 X 0.9 


342.5 


X 


1.3 


ci- 


99-3 * 1.5 


99-0 X 2-5 


98.7 




3.5 


Crcatinine (mg %) 


0.43 a: 0.05 


0-56 ± 0-3 


0.53 


X 


0.3 


BUN (mg/dl) 


21-7 ± 3.2 


22.7 X 3.1 


22.4 




4.7 


SGOT (lU) 


371.0 ± 33.3 


344.4 ± 55-2 


333-9 




72.3 


SGPT (lU) 


62-3 ± 7.6 


76.5 X 34.0 


73.9 




37.9 


Alk. Phos. (lU) 


344.7 s 5.0 


388.6 ± 23.3 


203-0 


X 


20.7 


Biluubin (mg %) 


0.2 ± 00 


0-36 :t 0.05 


0.33 


X 


0.05 
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•Groups of rats were administered p.o- free ATRA or i.v L-ATRA twice a 
week for 7 weeks (15 doses)- After the last dose, blood was a)llected and 
analyzed for various parameters- The results shown arc the average values 
from four to eight rats x standard deviation from the mean. 
WBCs, white blood cells; RBCs, red blood cells; Hgb, hemoglobin; Pits, 
platelets; Segs, segmented neutrophils; Lymph, lymphocjies; BUN, blood 
urea nitrogen; SGOT, serum glutamic oxaloacetic transaminase; SGPT, serum 
glutamic pyruvic transaminase; Alk. Phos-, alkaline phosphatase. 

Microscopic examination of tissue sections from the liver, 
lung, spleen, brain, ovary, skin, kidney, and bone marrow of 
the treated rats revealed no significant changes in the his- 
topathologic characteristics- Interestingly, spleens from 
seven of the eight liposomal all-lrans relinoic acid-treated 
subjects showed the presence of numerous small vacuoles 
throughout the red pulp area- These structures might repre- 
sent entrapped liposomes that were removed during pro- 
cessing- Tliey were seen throughout the sinusoids and in 
phagocytes. No such vacuolization was observed in animals 
that were treated with non-liposomal all-trans retinoic acid 
or in control animals treated with saline alone. 

FIG. 12(A) shows the levels of all-trans retinoic acid in 
the blood 60 min after oral administration of non-liposomal 
all-trans retinoic acid or i.v. administration of h'posomal 
all-traas retinoic acid. In general, these blood levels were 
higher in rats treated with liposomal all-trans relinoic acid 
than in those treated with non-liposomal all-trans retinoic 
acid- This difference became most striking after 7 weeks of 
continuous drug treatment- The mean level of all-trans 
retinoic acid in the blood of rats treated with non-liposomal 
all-trans retinoic acid decreased from 3.01+0-33 ^g/ml on 
day 1 to 1.97±0-17 /ig/ral (p<0.01) after 7 weeks of 45 
treatment, whereas the mean blood all-trans retinoic acid 
levels of rats treated with liposomal all-trans relinoic acid 
did not change significantly. The mean all-trans retinoic acid 
concentration on day 1 (4.42+1-2 /Ug/'ml) was similar to that 
at the end of treatment (4.41+0-2 //g/ml). Also studied was 
blood clearance of all-trans relinoic acid following admin- 
istration of the last dose of all-trans retinoic acid. Results 
shown in FIG. 12(B) demonstrate that all-trans relinoic acid 
could be detected in the blood by HPLC 30 minutes after 
ingestion of non-liposomal all-trans retinoic acid. The drug 
reached its maximum level (2.01+0.24 jug/ml) after 60 min 
and remained constant for at least 90 min (1.97+0.17 /^g/ml). 
In contrast, significantly higher concentrations of all-trans 
retinoic acid (7.57+1.2 +/ig/ml) were observed in the blood 
5 min following i.v. administration of liposomal all-trans 
retinoic acid. The clearance of liposomal all-trans relinoic 
acid from blood occurred in two phases, the initial rapid 
phase (tj/2Ct=16 min) followed by a slower terminal phase 
(tj^p=55 min)- Nonetheless, blood levels of the drug were 
significantly higher io subjects treated with liposomal all- 
trans retinoic acid at each time point studied (p<0.001) than 
in animals administered non-liposomal all-trans retinoic 
acid- 



Particularly addressing FIG- 12: Blood concentrations of 
all-trans relinoic acid in rats after 7 weeks treatment with 
non-liposomal all-trans retinoic acid or liposomal all-trans 
retinoic acid are presented. FIG. 12(A) presents data from 
groups of eight rals administered (5 mg/kg body weight) 
either p.o. non-liposomal all-lrans retinoic acid (cross- 
hatched bars) or i.v. liposomal all-trans retinoic acid (soh'd 
bars) twice a week for a total of 7 weeks. Blood samples 
(200 /il) were collected 60 min after the administration of the 
first, sixth, and fifteenth doses, and 150 /A aliquots of the 
blood were analyzed for all-trans retinoic acid by HPLC. In 
FIG- 12(B) data is presented following administration of the 
last dose. Blood samples were collected from animals 
treated with non-liposomal all-lrans retinoic acid (open 
circles) or liposomal all-trans relinoic acid (solid dots) at 
indicated time intervals and analyzed by HPLC for all-trans 
retinoic acid content- The results shown are mean plasma 
drug concentrations in six rats+S.D. 

Because cytochrome P450-dependent accelerated calabo- 
lism and induction of CRABP have been implicated in the 
acquisition of clinical resistance to all-trans retinoic acid, a 
determination was made that the CRABP and cytochrome 
P450 levels in liver tissues of rats that had been treated with 
either all-trans retinoic acid formulation was mad. No appre- 
ciable differences in CRABP levels were observed between 
liver samples of rals that had been treated with non- 
liposomal all-lrans retinoic acid or liposomal all-trans ret- 
inoic acid and untreated controls- Similarly, there were no 
significant changes in total cytochrome P450 levels in liver 
30 microsomes from rals treated with non-liposomal all-lrans 
retinoic acid (0.63+0-13 nmol/mg; n=7) or liposomal all- 
trans retinoic acid (0-59+0-01 nmol/mg; n=7) or untreated 
rals (0.68+0.15 nmol/mg; n=6). 

In vitro, however, the liver microsomes isolated from rals 
35 that were treated with non-liposomal all-trans retinoic acid 
exhibited significant rapid catabolism of aU-trans retinoic 
acid. Incubation of [^'*C]all-trans retinoic acid with isolated 
liver microsomes in the presence of NADPH resulted in 
rapid conversion of all-lrans relinoic acid into two polar 
40 products as determined by thin layer chromatography. Incu- . 
bation under similar conditions of liver microsomes from 
untreated rats or rats treated with liposomal all-trans retinoic 
acid revealed a significantly slower rate of metabolism of 
all-trans retinoic acid into these polar metabolites. When 
combined, these metabolites accounted for about 33+0.8% 
of the microsomes from untreated rals and 28.8+2.57% of 
those from liposomal aU-trans retinoic acid-treated rats, 
whereas they accounted for 57+11.2% of the microsomes 
from animals treated with non-liposomal all-trans retinoic 
acid. (FIG- 13(A)) Individual values for intact all-trans 
retinoic acid and its polar metabolites generated in the 
presence of NADPH by liver microsomes that were isolated 
from five different rats treated with either non-liposomal 
all-trans retinoic acid or liposomal all-trans retinoic acid or 
from three untreated rats are shown in FIG. 13 (B). 
Microsomes from all liposomal all-lrans retinoic acid- 
treated and control animals induced much slower catabolism 
of all-lrans relinoic acid than ihose from rals administered 
non-liposomal all-trans retinoic acid (FIG. 13(B)). Liver 
microsomes isolated from rats that were treated with "empty 
liposomes" without all-trans retinoic acid showed rates of 
conversion of all-lrans retinoic acid to its metabolites similar 
to those of the untreated controls. The reaction products 
generated by incubating all-lrans retinoic acid in the pres- 
ence of NADPH and liver microsomes were further ana- 
lyzed by reverse phase HPLC. Results of that HPLC analysis 
demonstrated that microsomes from rats treated with non- 
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liposomal all -trans relinoic acid converted the drug into four 
major products (retenlioo times, 7.5-11.5 min). Two of the 
metabolites were eluted at the same positions as authentic 
4-keto all-trans retinoic acid (retention lime, 7.8 min) and 
4-hydroxy all-trans retinoic acid (retention lime, 9.5 min). 5 
Incubation of microsomes from rats injected with liposomal 
all -trans retinoic acid also converted all-trans retinoic acid 
into polar metabolites, but these metabolites were different, 
quantitatively and to some extent qualitatively, from those in 
the group treated vnih non-liposomal all-trans retii3oic acid, lo 
For example, the metabolite that eluted at 11.1 min from the 
non-liposomal all-trans relinoic acid microsome reaction 
mixture was not seen in the liposomal all-trans retinoic acid 
microsome reaction mixture. Similarly, the amounts of three 
other products (retention limes, 7.8-9.6 min), were much J 5 
smaller in the reaction mixture incubated with microsomes 
from liposomal a II -trans retinoic acid-treated rats. 

Addressing FIG. 13: The effect of long-term all-trans 
retinoic acid adraioistration on drug metabolism by liver 
microsomes is presented. FIG. 13(A), at the end of the 7 20 
week treatment period, animals were killed and their liver 
microsomes isolated. The ability of microsomes to metabo- 
lize in vitro [^""CJall -trans retinoic acid was then determined 
by incubating microsomes in the presence of NADPH and 
radiolabeled all-trans retinoic acid (50 nM). The reaction 25 
products were fractionated by thin layer chromatography 
and extent of drug metabolism was determined by counting 
the melat)oIite fractions. Results are expressed as a percent- 
age of all-trans relinoic acid metabolized to polar products 
(cross-hatched bars) or percentage of all-trans retinoic acid 30 
remaining intact (solid bars). Tlie vales shown are averages 
from five rals±S.D. FIG. 13(B) presents radioaclivity (cpm) 
recovered from intact all-trans retinoic acid (lane 1) or its 
polar metabolites (lane 2), as discussed in FIG. 13(A), were 
plotted individually for five different rats. 35 

Non-liposomal all-trans retinoic acid has been ineffective 
in permanently maintaining the remission state of acute 
prom yelocy tic leukemia ("APL''). Even when all-trans rel- 
inoic acid administration is continued after remission has 
been achieved, many APL patients still experience relapse. 40 
Clearly, some mechanism of resistance develops in relapsed 
patients whereby the ability of all-trans retinoic acid to 
induce ceUular differentiation is diminished substantially. 
Several in vitro studies have attempted to explain the 
evolution of this resistance mechanism, which can be 45 
induced in culture after continuous exposure to elevated 
concentrations of retinoid or carotenoid. Interesting recent 
clinical pharmacological evidence regarding all-trans ret- 
inoic acid resistance (Muindi et al.. Blood, 79:299 (1992); 
Cancer Res., 52:2138 (1992)) concluded that the reason for 50 
the eventual occurrence of this retinoid resistance during 
aU -trans retinoic acid therapy is progressively decreasing 
plasma drug concentration levels. In most subjects the onset 
of the decrease in plasma drug concentration levels is within 
2-6 weeks after beginning treatment. Although these lower 55 
all -trans retinoic acid plasma levels cannot sustain the 
differentiation effects on leukemic cells in vivo, in culture 
the leukemic cells from these patients continue to demon- 
strate cytodifferentiation sensitivity to all-trans retinoic acid. 
This resistance is not seen with other retinoids such as 60 
isotretinoin or etretinate. 

An advantage of the liposomal all -trans retinoic add of 
this invention is that the lipid formulation bypasses the 
clearance mechanism that evolves in the livers of patients 
treated with the oral formulation. Liposomal formulation is 
thus not be subject to the same relapse rates as have been 
demonstrated in clinical trials of the non-liposomal forrau- 
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lation. In addition, the toxic effects of liposomal all-trans 
relinoic acid should be less severe than those associated with 
non-liposomal all-trans relinoic acid because liposome 
encapsulation of all-trans retinoic acid decreases direct 
exposure of the drug during circulation to levels below the 
orally administered toxic dose. The latter allows greater total 
exposure of the drug on initial dose accompanied by slower 
clearance of the all-lrans retinoic acid from the site of stem 
cell seeding. 

All-trans retinoic acid is metabolized by a hydroxylaiion 
reaction of the cyclohexenyl ring, to produce 4-hydroxy 
metabolites which are further oxidized to the 4-oxo metabo- 
lites. The hydroxylation of all-lrans retinoic acid to the 
4-oxo-all-trans retinoic acid metabolite is mediated by cyto- 
chrome P450-dependent enzymes. The most favored expla- 
nation of the pharmacological mechanism of a 11- trans ret- 
inoic acid resistance is that continuous all- trans retinoic acid 
treatment acts to induce catabolic enzymes that are respon- 
sible for conversion of the drug. Animal studies in which 
a 11- trans retinoic acid was administered in combination with 
cytochrome P450 enzyme inhibitors (e.g., ketoconazole or 
liarozole) showed a significant prolonging of the all-trans 
retinoic acid plasma half life, thereby supporting the con- 
tention of accelerated enzymatic degradation. The results 
reported here confirm the previous observations that chronic 
oral administration of all-trans retinoic acid in rats results in 
decreased drug plasma concentrations, whereas i.v. admin- 
istration of liposomal all-trans retinoic acid at a similar dose 
and regimen did not alter the pharmacological behavior of 
the drug and the blood levels remained stable throughout the 
study period (FIG. 12). The observed differences in phar- 
macological behavior of the two formulations were consis- 
tent with induction of an enzymatic process. Although no 
differences were observed in total P450 levels in rats treated 
with either formulation, microsomes from rats irealed with 
non-liposomal all-trans relinoic acid metabolized the drug 
much more rapidly than those from rats treated with lipo- 
somal all-trans retinoic acid (FIG. 13). 

Another factor that might contribute to the retinoid 
relapse phenomenon involves the role of high affinity ret- 
inoic acid-binding, proteins CRABP I and II, These proteins 
are believed lo mediate the transfer of the retinoid from 
cytoplasm lo the nucleus of the cell. Increased levels of 
CRABP may cause the pooling of retinoids in tissues 
resulting in low plasma levels and accelerated clearance of 
the drug from the circulation. In normal body tissues the 
expression of CRABP is thought to increase with continuous 
exposure to retinoids. An increase in CRABP has been 
documented in human skin as a result of repeated topical 
application of all-trans retinoic acid. A similar increase in 
skin CRABP levels was also observed by Adamson et al. in 
rhesus monkeys following chronic i.v. administration of 
all- trans retinoic acid. 

These authors concluded that the increase in CRABP 
expression was not related lo the increase in plasma drug 
clearance observed with continuous all-trans retinoic acid 
administration, but rather was related to catabolic enzyme 
induction. In the present data, no increase in levels of liver 
CRABP was observed in rats administered either non- 
liposomal all-lrans retinoic acid or liposomal all -trans ret- 
inoic acid on a continuous basis. 

The results of Example 8 study, coupled with the follow- 
ing data obtained in clinical trials discloses that long term 
oral administration of all-trans relinoic acid is associated 
with the rapid clearance of the drug from plasma that, in 
turn, contributes to the relapse of the disease in APL 
65 patients, strongly supports the rationale of using hposomal 
all-lrans relinoic acid lo induce long-term remissions in APL 
patients. 
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EXAMPLE 9 

In vivo i.v, liposomal all-trans rednoic acid 
Subjects with hematological malignancies 

Liposomal all-trans retinoic acid was administered i.v. 
over one-half hour every other day for 28 days to human 
subjects with hematological malignancies, including T cell 
cutaneous lymphoma and APL. Doses investigated were 15 
mg/M^ (5 points), 30 mg/M^ (3 points), 60 mg/m^ (3 points), 
75 mg/M^ (7 points), and 90 mg/M^ (3 points). No dose 
limiting toxicity has been observed. 

Two eflScacious responses have been observed. One mod- 
estly favorable response was in a subject with T cell cuta- 
neous lymphoma in a patient considered resistant to oral 
all-trans relinoic acid. This patient is presently receiving a 
second 28 day treatment cycle. 

A subject with APL in first relapse 10 months after 
receiving oral all- trans relinoic acid in three weeks of the 
liposomal treatment of the present invention di^layed a 
rising white count and evidence of increased cellular differ- 
entiation in both the blood and the marrow. 

Pharmacokinetic drug level data was also compared to 
published data for all-trans retinoic acid. As taken form 
Trump et al., Droc,, Vol. 13, page 241 (1994) refer- 
encing a with prostate cancer, all-trans relinoic acid (non- 
liposomal) administered orally at 50 mg/M^, Uvice per day 
for 14 days yielded a in ng/ml on day 1 of 307 and day 
14 of 144. The AUC in fig hr/ml was 0.693 on day 1 and 
0.250 on day 14. A substantially distinct result was obtained 
using the liposomal all-trans retinoic acid of the present 
invention in one patient administered 60 mg/M^ every other 
day for 15 doses i.v. The (the concentration in blood at 
the conclusion of i.v. administration, time 0) in //g/ml was 
6.8 on day one and 7.0 on day 15 after the eighth dose. The 
AUC in /ig/'mlxmin was 466 on day 1 and 580 on day 15. 
Converting to /^g hr/ml these values are 7.76 and 9.66 
respectively. 

The clearance of liposomal all -trans retinoic acid was 
found to closely fit (r^>0.9) a two compartment mathemati- 
cal model in 14 of 22 complete analyses, and was best fit by 
a one compartment model in 8 of 22 studies. Where present, 
alpha-phase half-lives ranged from 56^:20 minutes at the 15 
mg/m^ dose level to 116+43 minutes at the highest level 
analyzed, 75 mg/M^. There were no statistically significant 
differences (Student's t-test at p<0.05) in the calculated half 
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lives between day 1 and 15. In addition, there were no 
significant differences in half-Lives at the different dose 
levels studied. 

The apparent volume of dislribution (V^) was 25±2 liters 
5 at the 15 mg,'m^ dose level (day 1) suggesting rapid distri- 
bution into a space approximating total body water. As 
observed with the half- life data, there were no statistically 
significant differences in between subjects at the different 
dose levels or between patients treated on day 1 or 15. Both 
^0 the CfcQ and the extrapolated area under the concentration 
curve (C_^,) were found to increase proportionately over the 
dose range studied. Further, this range was not statistically 
different firom Day 1 to 15. These pharmacokinetic studies 
disclose that the liposomal formulation of the present inven- 
ts tion maintains blood level and does not exhibit the reduction 
in blood levels(retinoid resistance), or other parameters 
associated with prolonged oral administration of all-trans 
retinoic acid. Further, in the instant study, the absence of 
dose-dependent and time-dependent increases in pharmaco- 
20 kinetic parameters indicate no apparent saturation of drug 
clearance mechanisms. 

TTie preceding description is intended to illustrate specific 
embodiments of the present invention. It is not intended to 
be an exhaustive fist of all possible embodiments. Person 
^ skilled in the relevant field will recognize that modifications 
could be made to the specific embodiments which have been 
disclosed, that would remain within the scope of the inven- 
tion. 
We claim: 

'^^ 1. A method of inhibiting the growth of retinoic acid 
responsive cancer cells and avoiding all-trans retinoic acid 
resistance, said method, comprising administering to a living 
subject a therapeutically effective amount of a retinoic acid 
composition which comprises all-trans retinoic acid, lipo- 
somes whose lipid component consists essentially of 
dimyristoyl phosphatidyl choline, and a triglyceride; where 
the relinoic acid is substantially uniformly distributed with 
the dimyristoyl phosphatidyl choline in the liposomes, 
where the molar ratio of retinoic acid to dimyristoyl phos- 
phatidyl choline is at least about 15:85, where the triglyc- 
eride is at least about 15% by weight of the composition, and 
where the composition is stable in an aqueous environment. 

2. The composition of claim 1 wherein the triglyceride 
from is soy bean oil. 
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Fenretinide and its relation to cancer 

Engin Ulukaya and Edward J Wood 

University of Leeds, Department of BiochemfsUy and Mohculor Biology, Leeds, LSI 9JT UK 



Ret.no.ds. natural or synthetic substances which have vitamin A activity, have a well-known reputation for their antrtumour 
and d.fferemion-»nduc.ng activity in vitro and in vivo. More than (500 retinoids have been tested so (arbut very few ofthem 
have been entered into cl/n>cal trials because of their slde effeas. AII-trans-N-(4-hydroxyphenyl)r^tinamide (4HPR or 
fenret.n,de) fs a synthet.c retinoid that is reported to have fewer side-effects compared to naturally occurring retinoids 
such as alMrans ret.no.c acid (ATRA) and 9-cis retinoic acid In addition, fenretinide has been shown to induce cell death 
(apoptosts) even m ATRA-resistanl cell line^ Although the mechanism by which fenretinide aas is not entirely known ft is 
considered to be a promis/ng drug and seems to induce apoptosis via different pathways) from classical retinoids In this 
revetw we d.scuss possible mechanisms of fenretinide action and summarize results of clinical trials 



INTRODUCTION 



It has been known for many years that vitamin A is 
essential for normal differentiation and maintenance 
of epitheiiai tissues. In addition, vitamin A, usually 
Icnown as ret'mol, and its derivatives, called 
retinoids, have an increasing importance as chemo- 
preventive agents through their antiproliferative 
and /or differentiating- effects on certain types of 
tumours (1). Recently, some retinoids, such as fextre- 
tinide, have also been sbow^n to induce cell death by 
apoptosis in some cancer cell lines (see below), 
which can be considered as a contribution to their 
total antitumour effects. However, neither the mech- 
anisms of their chemopreventive effects nor their 
effects on apoptosis are fully understood. 

So far, more tlian 1500 retinoids have been 
produced and tested under in-vivo or in-vitio 
conditions. AiI-trans-N-(4-hydroxyphenyi)ietinamide 
(4HPR or fenretinide), first produced in the USA in 
U^e 1960s, is one such compound (Figure 1). As can 
be seen from its structure, it is a synthetic amide 
derived fi-om alNtrans-retinoic add (ATRA). 
According to the results of various in-vitro ceH cul- 
ture studies, femretinide seems not only to inhibit the 
proliferation of cancer cells but also can cause cell 
death by inducing apoptosis in T lymphoma and T 
iymphoblastoid leukemia cells (2), human breast 
cancer cells (3), small cell lung cancer cell lines (4), 
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non-small cell lung cancer cells (5), prostate adeno- 
carcinoma ceUs (6), head and neck squamous cell car- 
cinoma (SCC) cells (7,8), and melanoma cells (9). 

Fenretinide has also been tested in animal models 
in terms of its antitumoiir effect in vivo. Feturetinide 
inhibited tlie proliferation and also induced apopto- 
sis of colon adenoma cells in male F344 rats (10), 
reduced the yield of carcinogen-induced colon 
tumours in rate (11,12), induced complete regression 
of carcinogen-induced first mammary tumours in 
22% of animals and partial regression in a further 
19% of animals (13), inhibited the induction of 
mammary adenocarcinomas compared with caicino- 
gen controls in female rats (14), suppressed bladder 
carciiK>ma induction by N-butyl-N-(4-hydoxybutyl} 
nitrosamine (15)^ exerted chemopreventive effects 
against exogenous and endogenous rat liver carcino- 
genesis (16)> reduced carcinogen-induced pancreatic 
adenomas in female hamsters (17), inhibited tumour 
progression and multiplicity in a two-stage skin can- 
cer model in CD-I and SENCAR mice (18), reduced 
naturally cxrcurring skin tumours in AQ/segHapBR 
rats (19), and if given via the peritoneal cavity rather 
than by mouth, significantly iiicreased the survival 
time of ouce with ovarian carcinoma (20). In contrast 
to tliese benefidal effects, fenretinide did not inhibit 
the total tumour formation in the lung of female A/J 
mice in which carcinogenesis was chemically 
induced by tobacco nitrosamines (21). In addition, 
there was no pn^tective effect against the induction 

© 1999 HARCOURT PUBUSHEFlS LTD 



XP008009394 



Volume 25 Number 4 August 1999 




CANCER 
TREATMENT 

REVIEWS 



CONTROVERSY 

Pri 



Primary chemotherapy or hormonoilicrapy for pii(ici)(s 
vviih breusi cancer 

Etienne G.C. Brain Jean-Lou?s Misset and Jacques Roue.sse 187 



Scconcl-linc chcmolhcrapy and its cvaliialion in small 
cell lung cancer 

C, Huisman, RE. Postmus, G. Giaccone and E.F. Smit 



199 



TUMOUR REVIEW 

Pancreatic cancer ij) patients with chronic pancreatitis: 
a challenge from a suriiica! perspective 
George H. SaUorafas and Adelais G.Tsiotou 



207 



LABORATORY - CLINIC INTERFACE 

The potential of melanoma antigen expression in cancer therapy 
Alan M- Gillespie and Robert E, Coleman 219 



Fenrciinidc and its relation lo cancer 
Engin Ulukaya land Edward J Wood 



229 



COMPLICATIONS OF TREATMENT 

Detection of sinlhracycline-induecd cardioioxicily 

M.T Memardi,W,T.A.van der Graaf, D.j. van VeFdhufsen, 

J.A.Gietema. E,G.E. de Vries and D.Th. Sleijfer 



237 



Coil tinucd over 




0305-7372 (199908)25 :4;l-0 



XP0d8D09394 



(a) 




(b) 




Figure I Strurtores of vitamin A (retiiol) (A) and fenrebnide (B) 

of chemical cardnogenesis of prostate ia Wistar- 
Unilever rats (22). In another study, nJthough feme- 
tinide reduced the incidence of prostate tumors in 
treated rats compared to controls (275 versus 43.2%), 
the difference was not staHstically significant (19)! 
However, fenretinide considerably reduced the 
development of prostate cancer in the Lobund-Wistar 
rat model to about one fourth (21 versus 88%) (23). 

On the basis of these data, it was decided that fen- 
retmide was a promising candidate for chemopre- 
venhon trials. It has therefore been entered into a 
number of clinical hials in oncology, mainly because 
of Its anticancer properHes coupled with lower side 
effects compared to other retinoids (24,25). 

METABOLISM AND PHARMACOKINETICS 
OF FENRETINIDE 

It seems that fenretinide has significantly different 
properHes when compared with other rehnoids in 
terms of its mode of storage and plasma half-life. The 
main difference is the absence of hepatic accumula- 
Uon of fauetinide, imptying reduced liver toxicity. 
Fenretinide did not cause any. delectable increase in 
hepa He retinoid levels in rats after oral administration 
(26) and in the same shidy, fenreKnide was also found 
to be selecUvely accumulated in the mammary 
ghnds, which makes it an attractive agent for chemo- 
prevention of breast cancer. The absence of hepatic 
accumulaKon was also confirmed by another study 
although transient increases in liver hmcfion tests 
occurred after each dose (27). In this study, the termi- 
nal plasma half-life of fenreHnide was found to be 12 
hours which is much longer than its natural analog, 
ATRA. This finding may also make fenretinide more 
preferable. In contrast, in another study (28) per- 
formed on boHi rats and mice, bvor was the second 
organ in both ^iecies accumulaHng the lughest 
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concentrations of fenretinide> with the bladder and 
mammary glands the first and third highest respec- 
fively In a trial of fenretinide in women who had 
been operated on for breast cancer, a rise in liver 
enzymes to two to four times higher than normal 
levels ocairred in oialy seven of 101 paHenIs without 
clinically significant liver foxidty (29), 

Fenretimde is mainly n^etabolized to a lipophilic 
compound, N-(4-methoxyphenyl)-aU-trans-refinamide 
(MPR), which is the major drailating fenretinide 
metabolite, as well as polar letinamides, including 
HPR-O-glucuronide (30). Polar metabolites are 
excreted into urine and bile, while the nonpolar 
metabolite, MPR, accumulates in tissues including 
fat, prostate, skeletal muscles, liver and intestines. In 
another study in female mice after an oral treatment 
with 10 mg/kg, the highest levels of MPR were 
detected in liver and mammary tissue (31). 

Whether or not MPR is an active metabolite 
seems to be controversial. It vyas tested as an ncfive 
substance (32). Moreover, MPR was stated to be 
cquipotent to fenretinide in reversing keralinization 
of rettnoid-deficient hamster trachea in vitro (30). 
Conversely however, MPR was biologically inert in 
one study (33). In addiKon, it has recently been 
reported not to be an active metabolite of fenre- 
tinide as it failed to inhibit the growth of feru-e- 
tinide-resistant UlSO-Mel-6 cells, and. showed no 
dose-dependent inhibition of fenrehnide-sensitive 
breast carcuioma and melanoma cell lines (34). It 
was also suggested by the same authors that 
although MPR is not an active metabolite of fenre- 
Hnide, detection of this metabolite in malignant 
cells might serve as an indirect biomarker for pre- 
dicting the response of cells to fenretinide because 
MPR was detected only in cells sensitive to fenre- 
tinide. MPR is also a major deierminant of fenre- 
tinide-induced reducHons in plasma insulin-like 
growth faclor-1 (35) and retinol (36). 

Some studies have shown that fenretinide may 
affect retinol metabolism in the liver. For example. It 
seems to be able to induce the secretion of RBI^ 
retinol binding protein, the protein which carries 
retinol m the plasma from the liver into the blood- 
stream, and leads to rapid RBP accumulah'on in the 
kidney (37) In another study (38) it was concluded 
that fenretinide partially blocks the secretion of the 
retinoI-RBP complex from the liver and other tissues, 
and thus depresses plasma concentrations of both 
vitamin A and RBP. Interestingly, it was also demon- 
strated that fenretinide induced liver RBP secretion 
•n vitamin A defident rats but depressed it in those 
with adequate levels of vitamin A (39). 

It has recently been claimed that fenretinide itself 
binds to RBP, and thereby induces secretion of RBP in 
MepG2 cells, and that the secreted fenretinide-RBP 
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complex h<is a reduced affinity for TTR (Irans- 
thyrefin). This observation may ex plain the fenre- 
fmide- induced reduction of plasma relinol observed 
in in-vivo studies (40). Plnsma retinol reduction after 
fenretinide Ircnlment was also observed in human 
subjects. For example, in one of the chemopievenlive 
(rials, fenretinide treatment resulted in reduction in 
the levels of plasma retinol (41). However, baseline 
relinol plasma concentrations recovered 1 month 
after treatment interruption. Relinol levels were also 
found to Iiave a negative relationship with fenre- 
tinide dose (42) This decrease in plasma retinol 
might be i-espt>nsible for the improvements observed 
in patients with actinic keratoses who applied topical 
fenretinide twice daily for 3 months (43). It has also 
been suggested that fenretinide may have clinical 
utility because of its ability to increase the biological 
half-life of ATKA(44). 



MECHANISM OF BIOLOGICAL ACTIVITY 
AND APOPTOSIS-INDUCING EFFECT OF 
FENRETINIDE 



The biological activities, including Ihe anti-growth 
effect, of fenretinide could be mediated by interaction 
with the nuclear retinoid receptors. However, it is not 
entirely clear whether fenretinide can in fact activate 
these receptors. In transactivation assays, it was 
observed that fenretinide was a potent transactivator 
with RARyand a moderate activator with RARP, but 
did not interact with RARa aiul RXRa.- Furthermore, 
optimal receptor activation has been found at fenre- 
tinide concentrations which correspond with those 
required for its activities as a potent growth inhibitor 
and inducer of apoptosis (43). 

Growth inhibition by fenretinide as well <»s ATRA 
vvai; stated to be correlated with the induction of 
- Ihc RAR|32 geiie in CLC82 (lung adenocarcinoma) 
nnd BGC823 (stomach adenocarcinoma) cells. 
Furthermore, exogenous RARp2 expression potenti- 
ated fcnretinide-induced grov^th inhibition, sug- 
gesting that fenretinide acts at least in part via the 
HARp receptor (46). In contrast, in one study expo- 
sure to fenretinide i-esullcd in the generation of 
DNA fragmentation with subsequent cell death in 
both ATRA-pi.^itive oestrogen receptor (ER)-posi- 
tive as well as ATRA-refractory ER-negative breast 
carcinoma cell lines. Consequently, it was suggested 
that fenretinide might mediate its biological actions 
via a novel pathway(s) not involving the classical 
retinoid receptor pathways (47). Taken together, 
because of different retinoid receptor expressions in 
various tissues, the anti-tumour effect of fenretinide 
may be limited to some tissues. Its mode of action 
may aLso b^e different from that of ATRA. The 
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observed diffcixrntial responsivene^s of a number of 
haemopoietic cell lines, which arc resistant (o ATK A. 
but which rcspt>nd to fenretinide, also indicates that 
those compounds may act thivugh diffeivnt recep- 
tors (4S). It has been suggested that fenretinide and 
ii>deed ATRA, at least in terms of mediating gn>vvth 
inhibition, might act by different mechanisms (-J9). f t 
has alst^ l>tx>n demoastrated thai contrary to the dif- 
ferentia lion-promoting activity of ATRA, fenretinide 
dramatically .suppressed neuroblastoma (MB) cell 
growth by inducing apL>ptosis (SO). As mentioned 
above, fenrefiiiide has btycn shown to induce apop- 
tosis in head and nock SCC cells whereas ATRA did 
not appear to have any apoptosis-inducing effect on 
the sanie cell lines (7). Indeed, it has betni suggested 
that ATRA can pruinole a senii-apoptosis- resist ant 
status in neutrophils, possibly through the overe.x- 
pression of the Bcl-2 gene, whose product is known 
to be an apoptosis-inhibiting protein, while fenre- 
tinide can cause apoptosis (51). 

As mentioned abiwe, the mechanism of apoptosis 
induction by fenretinide as well as by some other 
retinoids is not well under*stood. One possibilitv is 
that fenretinide can enhance the generation of reac- 
tive oxygen species which may then be involved in 
the apoptotic palhvvay (52). This phenomenon seems 
to be restricted to fenretinide and is not observed 
with other retinoids, including ATRA and 9-cis- 
retinoic acid (9-cis-RA) (52,53). Another possibility is 
that fenretinide may affect the cell survival signals 
received via integrins from the extracellular matrix. 
It is thought that abrogati(^n of cell adhesion by 
fenretinide through dowivmodulation of intcgrin 
receptors plays a crucial role in the induction of neu- 
rc~)blastoma programmed cell death (54). However, in 
this case the same effect was also achieved by ATRA. 
Fenretinide may also affect the cell cytoskclcton. For 
example, it has been suggested that fennetinide 
might trigger apoptosis by inducing overall cytcv 
archilectural changes and .specitlc DNA fragmenta- 
tion subsequent to increased turnover of the protein 
actin in HL-60 cells (51). 

In general, a^tinoids are well knowai for their dif- 
ferentiating effects, but the effect of fenretinide on 
differentiation has only been observed in n few cases. 
For example, fenretinide completely reversed kera- 
tin iza I ion in squamous metaplasia of ham.ster tra- 
cheal organ cultures resulting from vitamin A 
deficiency (26), while it either did not show (51) or 
had a poor (44) diffeamtiating effect on the human 
promyelocytic leukemia cell lines, HL-60 and MB4, 
respectively. Furthermoi-e, it was also demonstrated 
that, contraiy to the differentiation-pmmoting activ- 
ity of ATRA, fenretinide dramatically supprcs.sed 
neuroblastoma cell growth by inducing programmed 
cell death (.50). However, fenretinide up-regulated 
the expression of several differentiation markers 
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(e.g., class 1 HLA, laminin, and pi integrin chain), 
and down-regulated expression of molecules associ- 
ated with tumour progression, inchiding the 
pl85/HER2 oncoprotein, the epidermal growth fac- 
tor receptor, and the M(r) 67,000 laminin receptor in 
breast cancer celJ hnes (55). 

HPR can induce the expression of transforming 
growth factor-pi (TCF-pl) in association with the 
induction of apoptosis (56). It may also regulate the 
activity of certain cell surface receptors. Thus, fenre- 
tinide as well as ATRA treatment of esophageal 
squamous carcinoma cell lines resulted in downreg- 
ulation of the epidermal growth factor receptor 
(EGFR) which is known to bind proliferative ligands 
such as epidermal growth factor and transforming 
growth factor a (TGF-a) (57). 

The fenretinide concentration used may be the 
critical point at which cells have to decide whether to 
undergo either cell death by apoptosis and /or necro- 
sis or cytostasis. Moreover, the type of cell, normal or 
transformed, also .seems to be important in this 
respect. In one study, fenretinide failed to inhibit the 
growth of some cervical carcinoma cell lines when 
used at 1 M but when used at 5 or 10 M, it induced 
apoptosis (58). In contrast, we found that fenretinide 
at 1 M inhibited the growth of cell line A431, a squa- 
mous cell carcinoma cell line (unpublished observa- 
tions). We also found that the growth of skin 
fibroblasts was not affected by the same concenh-a- 
tion as was used for A431 cells. 



FENRETINIDE AND APOPTOSIS-RELATED 
GENE PRODUCTS 

There may be a relationship between fenretinide and 
apoptosis-related gene products, such as p53 and the 
Bcl-2 family. An extensive study on these gene prod- 
ucts was carried out on human leukaemic cell lines 
and although changes in Bcl-2, p53, and c-myc 
expression were observed in cells treated with HPR, 
the Hme-course of these events suggested that 
fenretinide-triggered apoptosis was not directly con- 
trolled by these genes and that ectopic overexpres- 
sion of Bcl-2 markedly delayed the onset of 
apoptosis, rather than protecting cells from death by 
fenretinide (59). A study on human breast cancer 
cells showed that fenretinide treatment resulted in 
decreased Bcl-2 n^A levels but not Bax mRMA lev- 
els, and induced apopfosis in bodi oestrogen recep- 
tor-positive and -negative cells (3). However, it was 
also found that the fenretinide failed to modulate cel- 
lular levels of the BcI-2 and Bax proteins (52). In 
another study, p53 and pRB were suppressed in 
response to fenreHnidein the androgen-independent 
human prostatic JCA-1 cells (60). 



SYNERGISTIC COMBINATIONS OF 
FENRETINIDE WITH ANTi-CANCER DRUGS 

Fenretinide has been used in a number of synergistic 
combinations in order to try to increase its anti- 
tumor efficacy on different types of cancer cells. For 
example, it seemed that fenreHnide potentiated the 
effects of cisplalin in ovarian carcinoma (20,61), Jt has 
also been combined with glucarate and this combina- 
tion therapy iiihibited the growth of human mam- 
mary tumour cells grown in athymic mice, the . 
growth of rat mammary himours in germ free rats, 
and the hormone-independent MTW 9a/R rat mam- 
maiy tumour (62). Combinations of fenreHnide with 
either tamoxifen or various cytokines also seems 
promising. 

One study (63) concluded that fenretinide induces 
the expression of TGF ^-1 in association with the 
mduction of apoptosis in prostate cancer cells in 
vitro, and furthermore^ fenrehnidc-induced cytotoxi- 
city was abrogated by the addition of anti- TGF ^-1 
anHbody. It was also reported that the combination 
of fenretinide (0.1 pM) and tamoxifen (1 pM) or 
IFN- Y (500 lU/ml) generally had addiHve or syner- 
gistic effects on all the breast cancer cell lines investi- 
gated (64). In an in-vivo shidy (65), a combination of 
fenreHnide with tamoxifen was found to be effecHve 
in inhibiting MNU-inducod adenocarcinomas in 
female Sprague-Dawley rats, and the reduction in 
tumour inddence was greater for this combination 
than for either agent alone. Combinations of fenre- 
tinide and tamoxifen can be safely administered to 
women (66). This combination was also found to be 
more effective than treatment with either of the 
agents alone in inhibiting of growth of human colon 
cancer cells in vitro {67). Fenretinide may have a syn- 
ergistic effect with irradiation tix>. Low dose fenre- 
tinide combined with low dose gamma-irradiation 
seemed to have a syneigistic effect on apoptosis, 
with the number of apoptotic cells increased by more 
than 30% (68). 



TOXICITY AND CLINICAL TRIALS WFTH 
FENRETINIDE 

In Phase I/II trials, fenretinide seemed to be well-tol- 
erated with only minimal or mild toxicity depending 
on the dose used, Tliere are currently a number of 
National Cancer Institute (NCI^sponsored clinical 
trials still in pmgress (69). It was previously reported 
that the recommended dose for chemoprevention tri- 
als of HPR oraUy was 200 mg per day (70). 

A Phase I/D hial in women with oestrogen receptor 
(ER)-positive or progesterone receptor (PR>positive, 
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previously iintre<HcJ metastatic breast cnhccr vv.is 
performed to evaluate (he combined toxicity of 
tamoxifen plus I'enictinide (7\), There were no sig- 
nificant iidverse effects on rentil, hepatic^ hematn-^ 
log i c, o r . I i p i d vol ues. M yc tn 1 o p in , p li ( n oph ob i .\ , 
cheilitis^ aimI pruritus (typical features of retinoid 
treatment) vverc nc>l observed. Improvement or sta- 
bilization of disease txrcur red in 12 of 15 patients. 
Therefore it was coochided by authors that tamox- 
ifen achiiinistered with fenretinide is nontoxic. 
Phase III trials of tamoxifen vei'siis lanu)xiren phis 
fenretinide are n('>u' wai ranted. Toxicity was mild in 
ancUher phase II study of fenrelijiide involving 31 
patients with either advanced breast cancer or 
rnelant)ma (72). 

Toxicity and ll^o feasibility o\ osinj; fenretinide as 
a cliemoprceet^lion a);enf in men at high risk for 
(.>ri>stale cancer has bc*i!a exaluatod in 22 patients. 
F enretinide was vvell-toloralcd, and no major toxicity 
Wcis jssoci«^Ied with its use (73). hli)vvever, because 
eight patients with negative presto dv biopsies had 
positiv e prostate biopsies prior to, or at the lime of, 
their i2lh cycle cvalitation, the study ^v'as closed 
early. 

In one chemoprcvcntive triiol, fenretinide w.is 
shc^wn to prevent recurrences and thr dtrvelopnici'tt 
of now sites of oral leukoplakia. Again llic drug wos 
well tolerated (74,75). Mowever, lenreiinide was 
not effective in d Fhase li Iridl in the treatment 
o\ nwelodysplasia and it was ewn stated ih^it in 
some patient.-, fenretinide may enhance leukaemic 
progre.ssion (76). This result may not be all that 
surprising because fenretinide lends to accumulate 
especially in .solid tissues such as breast, prostate, 
and, to some extent but not at ii toxic level, in the 
liver. 

Another chcmopreventive trial aiming at pre- 
venting contralateral primaries in women ahcadv 
treated lor breast cancer, whose risk is O.K'/ii per year 
within 10 yea r.<; from primary treatment, started in 
1987: accrual of patients was closed in 1993 with a 
total of 2972 patients, and the study is still ongoing 
(24). The other trial is the basal cell carcinoma 
study, which started in January 1^90. The study is 
ongoing (77). 



CONCLUSION 



It may be concluded from both in- vivo and in- vitro 
studies that fenretinide is wcll-tolerated nnd has 
some anti-cancer properties, including anti-prolifera- 
live and apoptosis-incUiding effects. More clinical 
trials are obviously warranted Ixit much work 
remains to bo cairied out in order to elucidate its 
mechanism(s) of action. 
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ABSTRACT 



The present invention describes a dietary supplement 
for achieving a very high degree of chemotherapcutic 
activity through the synergistic combination of a low 
suboptimal dose of a D-glucarol acton e-based dietary 
anticzircinogcn (calcium glucaratc) with a low subopti- 
mal dose of retinoid-based anticarcinpgen (4-hydrox- 
yphenyl reiinamide). 
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ing agents in the phase II detoxification reactions, 
METHOD AND COMPOSITION FOR ACHIEVING Dwivedi, C, et al., Net glucxironidation in difTerent rat 
CHEMOTHERAPEUnC ACTIVITY strains: Importance of microsomal beta-giucujonidasc. 

The FASEB Journal. 1: 303-307 (1987). 
The present invention is a continuation-in-part of 5 Rctinoid-based compounds including retinylacctate, 
palcntapplicationScr. No. 089,568, filed Aug. 26, 1987, retinylmethyl ether, 13-cis-retinoic acid and N-(4- 
now abandoned. hydroxypheny!) retinamide (HPR), have similarly been 

This invention relates generally to a dietary supple- investigated for their anticarcinogcnic activity. These 
ment for achieving a very high degree of anticardno- retinoids, both natural and synthetic, have been under 
genie or chemoprcventivc activity and particularly 10 intensive investigation as both cancer chcmoprevcnta- 
relates to a combination of a low suboptimal doses of a tivc agents and anti-cancer (chemotherapeutic) agents, 
D-glucarolactone-based dietary anticarcinogen with a Moon, R. et al.. Retinoids and cancer. In Spom, M. 
low suboptimal doses of a rctinoid-bascd anticardno- B.. Roberts, A. B., Goodman, D. S. eds., The retinoids, 
gen. Vol 2. New York: Academic Press, 327-371 (1984) and 

x..^^^«^rr.r^ -^.^ ,i.t, rr-vT-^^^T ThompsoD, K J., ct al., Comparativc review of the 

BACKGROUND OF THE INVENTION ^^^^y ^ polyaminc antimetabolite retinoids and 

Various glucarolactone-bascd compounds, including selenium. J. Natl. Cancer Inst 77: 595-598 (1986). Reti- 
calcium glucaratc (COT), micro-encapsulated D- noids have been showii to be very effective at or near 
glucaro-l,4-lactone, potassium hydrogen glucaratc and toxic levels in several experimental animal systems in- 

2.4- di-0-acetyl-D-gIucaro-l,4-lactonc, are known to be 20 duding MNU, Moon, R. C, et ah, Rctinylacctate inhib- 
effective as inhibitors of beta-glucuronidase in cells, its mammary carcinogenesis induced by N-methyl-N- 
blood, urine and in the intestine and liver. By inhibiting nitrosourea. Nature 267: 620-621 (1977); and the 7,12- 
beta-glucuronidase, less detoxified (that is glucuroni- dimethylben2(a)anthracenc (DMBA)-induced rat mam- 
dated) toxins are hydrolysed and therefore more toxins mary tumor system, Abou-Issa, H., et al., Anticarcino- 
arc excreted. As a result, such glucarolactonc-based 25 genie effect of retinoids on 7,1 2-dimethylbenz(a)anlhra- 
compounds are useful in the treatment and prevention cene-induced mammary tumor induction, and its rela- 
of various types of cancer. tionship to cyclic AMP-dcpendcnt protein kinase, Bio- 

Recenily glucarate in the sustained release dietary chcm. Biophys. Res. Commun., 135: 116-123 (1986). 

form of caldum glucarate, was found to be a potent Many of the toxicity problems were minimized in proto- 

chemopreveniative agent in the rodent system as hav- 30 cols associated with mammary carcinogenesis with the 

ing preventative activity against chemical carcinogenc- introduction of the synthetic retinoid N-(4-hydroxy- 

sis OxDth initiation and promotion phases) in the liver, phenyl)retinamide which displays trophism for the 

Oredipe, O. A., et al.. Effects of calcium glucarate on mammary gland. Moon, R. C, et al., N-4-Hydroxyphc- 

the promotion of diethylnitrosamine-initiated altered nyl retinamide, a new retinoid for preventing breast 

hepatic foci in rats in Cancer Letters 38: 95-99 (1987); 35 cancer in the rat. Cancer Res. 39: 1339-1349 (1979). 

lung, Walaszek, Z., et al, Dietary glucarate-mediated This compound is currently being tested clinically in 

reduction of sensitivity of murine strains to chemical combination with the anti-estrogen Tamoxifen ®, in the 

carcinogenesis in Cancer Letters 33: 25-32 (1986); skin, prevention of breast cancer in women at risk, Rustin, G. 

Dwivedi, C, et al.. Modulation of chemically initiated J, S., et al.. The potential use of retinoids in oncology 

and promoted skin tumorigenesis in CD-I mice by 40 (Meeting Repon). Brit. J. Cancer 51: 443-445 (1985). 

dietary glucarate in /. Environ. PathoL Toxicol and [See also, Abou-Issa, H., et al., Anti<arcinogenic effect 

. OncoL, in press; and mammary gland, Walaszek, Z., et of retinoids on 7,12-dimethylbenz(a)anthracene- 

al.. Dietary glucarate as anti-promoter of 7, 12-dimethyI- induced mammary tumor formation and its relation to 

ben2(a)anthraccne-induced mammary tumorigenesis in cyclic AMP-depcndent kinase Biochcm. Biophys. Res. 

Carcinogenesis, 7: 1463-1466(1986). Sec, also for exam- 45 Commun. 135: 116-123, (1986^ Welsch. C. W., et al., 

pie, Walaszek, Z. et al. Inhibition of 7,12-dimethylben- Retinoids and Mammary gland tumorigenesis in Diet, 

zanthracene-induced rat mammary tumorigenesis by Nutrition and Cancer (B. S. Reddy and L. A. Cohen 

2. 5- di-O-acetyl-D-glucaro-l, 4:6,3-d ilactone, an in- vivo eds.) CRS Press Boca Raton, FL. pp 1-21, (1986); 
beta-glucuronidase inhibitor. Carcinogenesis 5: Schamberger, R. J. Chemoprcvention of cancer in Diet, 
767-772, (1984>, and, Walaszek, Z., et al., Inhibition of 50 Nutrition and Cancer, (B. S. Reddy and L. A. Cohen 
N-methyl-N-nitrosourea-induced mammary tumorigen- eds^) CRC Press, pp. 43-62, (1986); and. Moon, R. C, 
esis in the rat by a beta-glucuronidase inhibitor. IRCS Inhibition of 7,12-dimethylbcnzanthraccne-induced 
Medical Science 14: 677-678, (1986), mammary carcinogenesis by retinyl acetate. Cancer 

In Walaszek et al^ Carcinogenesis 7, supra, prelimi- Res- 36: 2626, (1976).) 
nary evidence was obtained that glucaratc also inhibits 55 These studies confirmed the activity of relatively 
and indeed causes regression of DMBA-induccd rat high doses of retinoids against the chemical induction of 
mammary tuniors. Glucarate is a normal body constitu- mammary carcinogenesis in the rat SimOarly, high 
ent, as it is the end product of glucuronic acid metabo- dosages were tested against the chemical carcinogen- 
lism which is excreted in the urine. However, glucarate mediated induction of tumors in the mammary gland, 
is present in blood and tissues at very low levels. Gluca- 60 lung, skin, intestine and liver. Further, retinoids have 
rate is non-toxic in dosages up to 10% in the diet as been shown to protect skin, nasophamyx, lower respira- 
caldum glucarate and is effective at dietary levels of tory tract, urinary bladder and colon against cardno- 
4% (128 mmolAg diet). In the systems studied to date gens. In addition, these retinoic acid analogs (Vitamin A 
it has been indicated that the active component is gluca- active compounds) have been tested in combination 
rate. Glucarate can undergo equilibriiun formation of 65 with the micronutrieni selenium. 
D-glucaro-l,4-lactone. Through inhibition of beta- One problem assodated with the use of retinoid- 
glucuronidase, the lactone effects net formation of glu- based compounds is that relatively high doses of the 
curonide conjugates of certain carcinogens or promot- retinoids must be administered in order to achieve the 
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desired anticarcinogen efiect Such high doses of reti- CGT; 0.75 mmoIAg HPR and 2% CGT; A 1.5 
noids often results in cummulative toxicity, with the mmoIAg HPR; and 0.75 mmol/kg HPR. 
excess retinoids being deposited in the liver. FIG. 3 is a graph showing the effccls of retinoids on 

Because relatively high levels of around 4% of di- inhibiting growth of established cancer, before retinoid 
ctary calcium glucarate arc required for maximuin cf- 5 treatment, during retinoid treatment and after retinoid 
fectivcncss, and because of potential retinoid toxicity . withdrawal: control; X HPR; A RA; (a) 1.5 mmolAg 
and the desire to increase the Uierapeutic index, the diet, (b) 2 mmoIAg diet. 

combination of the retinoid and glucarate was disclosed FIG, 4 is a graph showing the effect of diets on the 
in the parent patent application Scr. No. 089,568. Sur- mean weight of rats: *control (chow diet); 1.0% 
prisingly. when low ineffective dosages (approximately io CGT; 2.0% CGT; □ 0.75 mraol/kg HPR and 1% 
one-half the effective dose or less) of HPR and CGT CGT; 0.75 mmol/kg HPR and 2% CGT; and A 1.5% 
were combined in the diet, they interacted synergist!- HPR. 

cally to inhibit carcinogenesis to the extent of high FIG. 5 is a graph showing the time-course change in 
effective dosages of either agent alone. The results of volume of mammary tumors as a function of time (days) 
this patent application were later reported in Abou-Issa, following diets, (group; dosage in mmol/kg diet; : 

H. M., et al.. Putative metabolites derived from dietary symbol): I, chow ( ); II, chow-f2.0 mmbl/kg HPR 
combinations of calcium glucarate and N-(4-hydroxy- : chow + 128 mmolAg CGT ( ^ IV, 

phcnyl)retinamidc act synergisdcally to inhibit the in-'. chow-fO.75 mmoIAg HPR ( ); V, chow-h64 
duction of rat mammary tumors by 7,12-dimethylbenz- mmolAg CGT (A); VI. chow-fO.75 mmoIAg 
(a)anthracene. Proc Natl. Acad. Sci. (U.S.) SS: ^^^^'^^^^^^^^^'^^' 
4181-4184 (1988). This combination has now been fur- DESCRIPTION OF INVENTION 
ther evaluated as a chemotherapeutic agent on estab- ; , • . i 

lished DMBA-induced rat mammary tumors. The re- . P'^? invention relates to a method for achjcv- 
sults disclosed herein indicate that the combinaUon of ^ ^}^^ of chemotherapeutic activity 

the retinoid and the glucarate also interact synergistic ?^ «>nipnsmg the admmistration of a safe and effective 
cally to inhibit rat mammary tumor growth. ?f compound compnsmg a combmation of a 

There has been no suggestion in the art that a combi- D-glucarolactone-based dietary anticarcmogen with a 
nation of glucarolactone-based compounds and reti- . ^etinoid-based anticarcinogen and pharmaceutically- 
•J u ^ A ij u -11 f I acceptable salts and esters thereof to a subject either m 

noid-based compounds would be especially useful as l* t • i ' r . ^ i_ . 

\u 4. ' ^v. ^ .u u- r *!. * "'S" ™ group for cancer or to a subject who has 

anlicarcraoeens; that is, that the combination of these r , ^ . j 

, , . . . , cancer, 

compounds would represent an alternative for use m the ^^^^^^ ^^^^^^ encompassed by the present 

prevention of cancer or for use m the therapeutic treat- ^^^^^^ ^^^^ ^^^^^^ ^^^^ 

mcnt of cancer. , . , . ^ . maceuticaUy-acccptable. composition comprising a 

Jt has now been found that the use of a combination 35 combination of a glucaro-lactone-based and a rctinoid- 
of glucarolactonc-based compounds and retmoid-based ^a^^ compound. These compounds are administered to 
compounds or their pharmaceutically-acceptable ^ts prevent the occurrence of cancer and to inhibit the 
and esters, compounds which are known to be safely ^^^^^ ^^^^^ ^^U^ ^ ^^^^ 

admmistered to humans and ammals, sigmficandy m- Various glucarolactone-based compounds utilized 
hibit tumor growth and to shnnk tumors. 40 herein are conveniently abbreviated "glucarolactone" 

It IS therefore an object of the present mvention to ^ "GL"; "calcium glucarate" or '-CGT-*; various reti. 
provide a safe and effective dietary supplement and „oid.bascd compounds utilized herein are conveniently 
method for inhibitmg tumor growth and for reducmg abbreviated "retinoids" or "HPR". The phrase "safe 
the incidence of cancer in certain high nsk populations. and effective amount of glucaroJactone/retinoid corn- 
Other objects and ad vantages of the invention will be 45 pound'' herein, means sufficient glucarolactone/- 
apparent from the followmg detailed description of the retinoid comi^und to desirably affect and inhibit the 
mvention- induction or growth of tumor cells, at a reasonable 

SUMMARY OF THE INVENTION benefit/risk ratio attendant with any medical treatment 

. Within the scope of sound medical judgment, the re- 
The present invention describes a protocol for 50 quired dosage of the glucarolactone/rctinoid com- 
achicvmg a very high degree of chemotherapeutic ac- pound wiU vary with the severity of the condition being 
tivity through the combmation of a low suboptimal treated, the duration of the treatment, the nature of 
dose of a D-glucarolactone-based dietary anticardno- adjunct treatment, the age and physical condition of the 
gen (namely, calcium glucarate) with a low suboptimal patient, the specific glucarolactone and retinoid com- 
dosc of rctinoid-bascd anticarcinogen (namely, 4- 55 pounds employed, and like considerations discussed 
hydroxyphenyl retinamide). Since synergism is ob- more fully hereafter, 

tained by this combination, these two anticarcinogens "Pharmaccutically acceptable", as used herein, 
can be employed at dosages far below toxic levels and at means that the glucarolactone/retinoid compound and 
dosages that are practical as a chemotherapeutic agent. other ingredients used in the compositions employed 
BRIEF DESCRIPTION OF THE FIGURES ^ l'^'*'"' suitable for use in contact with the tissues of 

humans and lower animals without undue toxicity, irri- 
FIG. 1 is a graph showing the effect of diets on the talion, allergic response, and the like, commensurate 
mean number of tumors per rat: ♦control (chow diet); A with a reasonable benefit/risk ratio. 
1-5% HPR; □ 0.75 mmol/kg HPR and 1% CGT; and, . The term "administration" of the glucarolactone/- 
0.75 mmoIAg HPR and 2% CGT. 65 retinoid compounds and compositions, as used herein 

FIG. 2 is a graph showing the effect of diets on the includes intragastric and oral administration thereof, 
percentage of rats with tumors: •control (chow diet); The term "comprising", as used herein, means that 

1% CGT; 2% CGT; □0.75 mmolAg HPR and 1% various other compatible drugs and medicaments, as 
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well as inert ingredients, can be conjointly employed in galacturic acid, L-iduric acid or derivatives or analogs 
the therapeutic methods of this invention, as long as the thereof. 

critical glucarolactonc/retinoid compounds are used in Although CGT in one embodiment of the invention is 

. the manner disclosed. The term "comprising" thus en- combined with retinoids it is also possible that CGT 
compasses and includes the more restrictive terms "con- ^ may be effectively combined with other micronutricnts 
sisting or and "consisting essentially of*. or even lower doses of CGT and retinoid may be com- 

By "compatible'*, herein, it is meant that the compo- ^>ncd with additional anticarcinogcns. For example, 
ncnts of the composition used in the practice of this calcnim appears to be an anticarcinogcn for colon can- 

: invcnUon are capable of being cominglcd without mter- ,^ «r>y ameliorating the toxic effects of bile acids so that 
acting in a manner which would substantially decrease * ^« calcium , glucaratc/rctmoid combination may be 
the efficacy of the glucarolactone/retinoid compo^- considered to be a combination of three anticarcino- 

- tions under ordinary use situations. though the protective effect of these low dosages 

; The novel compositions of the invention arc useful of calcium arc minimal, 
for the treatment ofvarious cancers, such as for exam- ,5 ^^^f^^"^^}^ interesting combination might be 
pie, lung, colon and mammary cancers. Tlie novel com- ' CGT/retmoid>^ascorbic aad smce Vitamm C is prote^^ 

positions may be used alone or in combination with ^^c agamst cdon cancer. Because of acUvity agamst 
other therapeutic agents active for these purposes. As ^^^'^S' ""^Jo^ 

used herein, the term "inhibition" comprehends arrest- ^f'^^ anucarcmogez^ more organ-specific, the 

^ . . glucarolactonc-based/rctinoid-based anticarcinogcns 

ingor retarding thegrowth of the malignancy or other 20 ^ ^ component in combinations^ 

manifestation of a disease, as compared with the course ^.^^ ^^^^ anticarcinogens. 
of Oie disease m the absence of treatment. ^ combination of low non-toxic doses of dietary 

The novel compositions of the present mvcntion arc ^^^-^^5^ ^j^^^ ^^^^^ glucaratc inhibited 

also useful to prevent the occurence of cancer in high ^ the incidence of dimethyl benz(a)anthracene-induced 

; risk populations. The compositions may be used alone 25 rat^mammary tumors to a greater extent than the same 
or in combination with other chemopreventadve agents ^it^cr agent alone. This combination was also 

active for these purposes. As used herein, the term "pre- able to reduce the number of palpable tumors by one- 

vention" comprehends reducing the incidence of tu- half (50%) as compared to rats that received the control 

mors in a patient or a population exposed to cancer diet, or identical doses of either agent alone. These 

causing agents such as cigarette smoking, or environ- results, which are relevant to breast cancer, may also 

mental toxins, as compared with the course of potential apply to chemoprevcntion of cancer at other sites, in- . 

development of this disease in the absence of treatment. eluding higher doses of CGT which have been shown 

It also comprehends reducing endogenously produced to be effective against lung, colon and mammary carci- 

cancer-causing agents including steroid hormones. 33 nogcnesis while retinoids are known to be effective 

The mechanism of action of rctinoid-based com- against at least mammary and colon carcinogenesis, 
pounds such as retinylacctate, retinylmethyl ether, 13- A combination of suboptimal doses of retinoid and 

cis-retinoic acid, and N-{4-hydroxyphcnyl)retinainide glucarolactone-based compounds is effective as an anti- 

(HPR) are believed to act by inducing differentiation. carcinogen. Furtherrnorc, by reducing the dosage of the 

One of the main biochemical effects of the retinoid- 40 anti-cancer agents, both toxicity and impractical dosage 

based compound is to elevate the level of cellular requirements are circumvented. 
cAMP (cyclic AMP) and of histonc kinases. EXAMPLE I 

Similarly, the glucaroIactonc-bascd compounds such 
as calcium glucaratc, potassium hydrogen glucarate, following example demonstrates the heretofore 

micro^capsulated D-glucaro-l,4-lactone; 2,4^i-0- 43 unsuspected ability of the composition of the present 
3cetyI-b.glucaro-I,4-lactone. when fed slowly release ^S'''^^'''' 

D.glucaro.l,4-lactone (GL), a potent inhibitor of beU- The effect of CGT, HPR and CGT/HPR on 7,12-dime. 

glucuronidase in the cells, blood and urine and in the thylbcn2(a)anthracene(DMBA>mduced mammary 

intestine. Since beta-glucuronidase b inhibhed, less de- ^f""' formation m female Sprague Dawley rats was 

toxifiedfi.e..glucuronidated) toxins are hydrolyzed and » detennmed usmg the following protocoh Female rats 

. *. . . — - . ...... maintained on one of o diets received 75 me/kjc of 7.12- 

therefore more toxms are excreted. Thus, the inhibition 11- ^^1 / V *L /-^ ^ ^, \Z 

^ , ^, ' - dimethylbenz(a)anthracene m mmeral oil by mouth. 

f t^l'^rt "^Z They were maintained on the diets for apprc^tely 4 

detoxified (glucuromdated) compounds from the body. ^ ^^^^ ^^^^ ^ for mammary tu- 

Not only carcinogens but other toxins, steroid hor- „ors weekly. The diets were (i) rat chow; (ii) chow and 

mones and other substances which undergo glucuroni- ^GT; (iii) chow and 2% CGT; (iv) chow and 4% 

dahon may be affected. CGT; (v) chow and 0.75 mmol/kg HPR; (vi) chow and 

The above-mentioned compounds arc used as dietary , 5 mmolAg HPR; (vii) chow and 1% CGT and 0.75 
sources of GL since they are more effective by virtue of mniolAg HPR; and (viii) chow and 2% CGT and 0.75 
the fact they arc sustained (slow)-rcleasc forms, GL ^ mmolAg HPR. Note: mmolAg means mmol/kg diet; 

itself bang too rapidly absorbed and cleared from the 1% cGT means 1 gm/100 gm of chow. In these expcri- 

body. Thus, the glucarolactonc-class of inhibitors may ments the CGT powder was mixed mto the powdered 

be used to reduce the inappropriate level of any com- chow diet. The retinoid (HPR) was first dissolved in 25 

pound in the body which is subject to glucuronidation ml of a vehicle consisting of ethanol-tricaprylin-6% 
before excretion. Besides the glucarates, micro-encap- 65 a-tocopherol, then thoroughly mixed with powdered 

sulated GL and ihe di-O-acetyl derivative of GL^ di- rat chow. The results obtained, expressed in tumor 

ctary substances which may yield GL and which might incidence, total number of tumors, and tumors per rat. 

be as useful as CGT include D-glucuronic acid, D- are summarized in the following Table 1: 
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TABLE I 



Effect of CGT. HPR and CGT & HPR on 7,I2-Dimclhylbcii2(a)amliracene-iDduccd 



Dietary 


No. of 


Rits wiih 


Tumor 


Tola) No. 


Tomon 


Anri-cajciBogeii 


RaU 


Tumors 


bicideiice 


Tumors 


Per Rat 


None (conuol) 


20 


14 


70 


22 


lA 


1% CGT '. 


20 


n 


55 


20 


I.O 


2% CGT 


20 


u- 


55 


20 


1.0 


4% CGT 


20 


7 


35 


10 


0.5 


0.75 mmol/ig HPR 


20 


12 


60 


20 


1.0 


1.5 mmolAg HPR 


20 


6 


30 


7 


0.35 


0.75 mrnoIAg HPR A 1% CGT 


20 


9 


45 


12 


0.6 


0.75 mmolAg HPR A 2% CGT 


20 


7 


35 


9 


0.45 



9i CGT = gm % of aJdnm glocante kddrd lo chow dicL mmolAg HPR = mola of 4-bydroxy fhenyl- 
lettnamine added lo cbow diet per kg diet. 

Protocrf: 50d old fenuJe S.D. no recdverf • iingle dose 75 mgAg of DMBA. F^diog of COT, HPR or 
both w»s initiitetJ 2 weeks before tjiatmeot with DMBA. ihen continoed ihrocghcut ihe ajxrancvL 



When tested alone the higher doses of CGT (4%) and 
HPK (1,5 mmol) markedly inhibited tumori genesis Le., 
tumor incidence by 50-60% and tumors/rat by 
50-65%. Al lower doses the efTect was minimal i.e., 
1.0% CGT inhibited tumor incidence only 20% and 
tumors/rat by 9% while 0.75 minoJAg HPR inhibited 
tumor incidence only 15% and tumors/rat by 9%. In 
"contrast, when tested in combination, \% CGT and 
6.75 mmolAg HPR inhibited tumor incidence by 36% 
and tumors/rat by 45%. Similarly 2% CGT and 0.75 
mmolAg HPR inhibited tumor incidence by 50% and 
tumors/rat by 60%. 
The effect of the diets on the mean number of tumors 

- per rat is shown in FIG. 1, while FIG: 2 shows the 
effect of the diets on the percent of rats with tumors. 

Glucarolactone-based inhibitors acts to inhibit the 
growth of hormone-dependent tumors by lowering* 
hormone levels.. It has previously been shown in Walas- 
2ck. Z., ct al.. Carcinogenesis 7: 1463-1466 (1986), that^ 
dietary calcium glucarate (CGT) inhibits the promotion 
phase of 7,!2-dimethylben2(a)anthracene-induced 
mammary tumorigcncsis. The female rats were put on. 
the CGT diet two weeks after treatment with carcino- 
gen. By 28 weeks tumor induction in the rats on the 4% 
CGT diet was only 30% of that in the controls, indicat- 
ing CGT markedly inhibits the promotion phase in this 
modeL Rats on the CGT-supplementcd diet ate quanti- 
ties of food and had weight gain identical to those on 

' the normal chow diet- The anti-promotional effect of 
CGT was shown to be probably due to the reduction in 
the steady-state level of sex hormones. Further, and of 
relevance to this invention, some tumors on the chow 
diet supplemented with CGT underwent regression. 
The overall tumor incidence represents those which 
escape the anti-promotional effects of CGT and the 
equilibrium between growth and regression. 

Similarly, retinoids, as shown in FIG. 3, inhibit 
growth of established cancer. The administration of 1.0 
mmolAg diet of HPR daily to female Sprague Dawley 
rats with already established DMBA-induced mam- 
mary tumors resulted m 80-90% inhibition of tumor 
growth within 10 days. Similarly, when given to 
CDsFi mice with established mammary tumors this 
retinoid resulted in 50% inhibition of tumor growth. 
When higher doses (2 mmolAg diet) of HPR were 
used, growth arrest was followed within 5 to 10 days by, 
30% regression of the DMBA-induced mammary tu- 
mors. Also, HPR (0.1 uM) inhibited the in vivo growth 
of the human breast cancer cell line (MCF-7) to 50% of 
the control within 7 days. These results suggest that 



20 



25 



retinoids have anti-timior effects besides their cancer 
chemopreventive effects. 

As shown in FIG. 4 prolonged feeding of diets con- 
taining CGT and HPR did not affect weight gain of 
rats. This is important since toxicity as evidenced by 
marked weight loss may also influence carcinogenesis 
and tumorigcncsis. 

The effect glucarolactone (GL) alone or in combina- 
tion with HPR on the growth of MCF-7 cells is shown 
in Table II below. The cells were plated at the density 
of 3775 cc per well in six well plates and treated after 
one day with GL-HPR- or GL and HPR-containing 
30 media for 5 days. The values shown are the mean +/— 
ISE for three experiments counted in triplicates. The 
numbers in parenthesis indicate the number of free float- 
ing (mostly non viable) cells in the media. As can be 
seen, the GL/HPR-containing media had only one- 
35 third the viable cells as the control medium. The GL 
(10-4M)/HPR(5xl0-8M)-containing medium had 
nearly one-third the viable cells as the GL (10-*M) 
medium alone and had nearly one- half the viable cells as 
the HPR(5x 10- ^M) medium alone. These experiments 
40 indicate that the combination of GL and HPR is capable 
of inhibiting tumor cell growth and that such combina- 
tion is more effective than either the GL- or HPR-con- 
taining media alone in inhibiting tumor cell growth. 

TABLE II 



45 



50 



55 



60 



Treatment . 



No. of viable cells 



9Er of control 



0.1% Ethana) 


60400 ± 2147 


100 ± 4 ; 




(6440) 


(11) 


GL 00-*}^ 


49480 + 3160 


82 + 5 


GL {10- ^M) 


(3440) 


(6) 


32560 ± 1800 


54 ± 3 




(4560) 


(7) 


HPR(5x 10-»M) 


33680 ± 2627 


56 ±4 




(4160) 


(7) 


GL (10-^M) + 


18160 ±i 1568 


30:5r 


HPR(5XI0-"M) 


(5280) 


(9) 


GL (10- ^M) + 


22680 ± 1S63 


37ir 3 


HPR (5 X 10- »M) 


(296Cf) 


(5) 



EXAMPLE II 
The following example demonstrates the heretofore 



• unsuspected ability of the composition of the present 
invention to not only desirably inhibit tumor growth 
but also shrink tumors. Rat masmiary tumors were 
induced by treating one hundred 50 day old female 
65 Sprague Dawley rats (Harlan Industries, Indianapolis, 
Ind.) by gavagc with a single dose of 15 mg of 7,12- 
dimethylbcn2(a)anthracenc (Sigma Chemical Co., St. 
Louis, Mo.) in 1.0 ml of sesame oil, Abou-Issa et al.. 
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Prvc NarL Acad ScL U.S.A., supra. The rats were main- 
tained on a chow diet ad libitum until the tumors had 
formed in 70% of the rats and had reached a size of 
approximately 2.0 cm in diameter; 4 months later at 
which time they were randomized into six groups of 10 
rats each. Tumor sizes were measured in all the rats just 
before placing them on the following experimental diets 
(Groups I-VI): (I) rat chow (RMH 3200, Pro Lab, 
Syracuse, N.Y.); (IT) rat chow with HPR (1-5 
mmolAg); (ID) rat chow with 4% CGT 3.5 H2O GaJ- 
lard Schlesinger,^ Carle Place, N.Y.) (128 mmolAg of 
diet); (IV) rat chow with HPR (0.75 mmolAg); (V) rat 
chow with 2% CGT (64 mmolAg); (VI) rat chow with 
the combination 2% CGT (64 nmiolAg) and HPR (0.75 
mmolAg). The CGT was added as a powder directly to 
the diet, while the HPR was first dissolved in 25 ml of 
ethanol/tricaprylin 1:4 (vol/vol) plus 6% (wt/vol) a- 
tocopherol, as previously described in Abou-Issa ct al.. 
Proa Natl Acad, Set U,S.A., supra. The latter vehicle 
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fed on the chow diets and on diets supplemented with 
low ineffective doses of calcium glucarate (group IV) 
or N-(4-hydroxyphenyl) retinaraide (group V). At the 
low dose of HPR (0.75 mmolAg) the size of the tumors 
increased by 70% compared to 98% in the controls. 
Similarly, at low dose CGT (64 mmolAg) enhanced 
tumor growth, the size of the tumors increased by 55% 
over the 25 day period of observation. In contrast, the 
combination of CGT+HPR (group VI) had a marked 
synergistic inhibitory effect on rat manunary tumor 
growth over the 25 day period of observation. In this 
instance tumors decreased in size by 33% compared to 
the initial size at the beginning of the treatment. 

The tumor measurements, being positively skewed, 
were log transformed in order to more accurately sat- 
isfy the assumptions of the analysis of variance. A re- 
peated measures analysis of variance (with one between 
animal factor, treatment, and one repeat factor, time) , 
was performed on the transformed data using baseline 



was added to the diet of all six groups. The additives 20 tumor size as a covariate. There was a statistically sig- 



were blended into the diet with a mecham'cal mixer. 

All the tunaors that developed within the time frame . 
of this example are histologically adenocandnomas. 
This finding has been previously reported by HugginS 
ct al., Mammary cancer induced by a single feeding of 25 
polynuclear hydrocarbons, and its suppression. Nature,- 
185:204-207 (1961X in this animal model under the same 
conditions, and has been confumcd in several indentical 
experiments. At later time periods beyond the time 
frame of this example fibroadenomas usually develop, 
Welsch et al.. In "Cellular and Molecular Biology of 
Mammary Cancer", (W. Kid well, G. Heppner and E. 
Anderson^ eds.) Plenum Press, N.Y. 1987, pp 163-179. 
Tumor measurements were began at the time the rats 
were placed on the ejipcrimental diets and were contin- 
ued twice weekly throughout the duration of the exper- 
imeni. Two axes were measured - the longest axis (L) 
and the axis at right angles to the longest (W), using a 
vernier caliper. Tumor volume was calculated from the 



nificant group by time interaction (p<0.0001) which 
indicates that the profile of tumor size over time de- 
pends upon group membership (See FIG. 5). 

Upon employing follow-up Tukey multiple compari- 
son tests (overall a=0.05), adjusting foir baseline tumor 
size, the following results were obtained. No statisti- 
cally significant differences for the groups were discov- 
ered for the first three time periods (days 4, 7 and 11). 
At the fourth time period (day 14), groups II and 111 
30 showed significantly decreased tumor sizes compared 
to the control group- (group I). Also group III showed 
decreased tumor sizes compared to group IV. For the 
last three time periods (days 18, 21 and 25), groups 1, 
III, and VI showed significantly decreased tumor sizes 
compared to the control group (group I), as well as to 
group IV and V. Although there is the potential for 
some error in measuring tumor size, the variability of 
the random error, i.e., the amount of error that could 
not be explained by group membership and days on 



35 



formula 4/3 pi r^ where r is half the mean of the two 40 treatment, was smallv compared to the group difference 
diameters in accordance with Steel, Growth kinetics of 
tumors, Oxford Univ. Press, London, pp 5-25, 1977., 

Tumor regression is indicated by at least 20% reduc- 
tion in tumor size and each tumor is compared to its 
initial: size on day zero. Weights of the rats on the con- 45 
trol and experirncntal diets were recorded weekly. 

Estrogen and progesterone receptors were measured 
in the OSU Hormone Receptor Laboratory by the mul- 
tipoint dextran-coated charcoal method as previously 
described in Schuller et al, Estrogen and progesterone 50 
receptors in head and neck cancer. Arch. Otolaryng. 
110:725-727 (19S4). The daU of specific binding were 
analyzed by Scatchard, The Attraction of proteins for 
small molecules and ions, Ann. N.Y. Acad. ScL 
51:660-672 (1949), plots to determine the equilibrium 55 
dissociation constant (KJ) and birnltng capacity ex- 
pressed as fcmtomoles of estradiol or progesterone (R- 
5020) specifically bound per mg of cytosol protein for 
estrogen and progesterone receptors respectively. 
Cytosol protein concentrations were determined by the 60 
procedure of Lowry ct al.. Protein measurement with 
the folin phenol reagent, J. BioL Chem. 193:265-275 
(1951). The mechanism underlying the synergistic interac- 

FIG. 5 is a graph showing the effect of the six diets on tion of HPR and CGT is not clear. However, effective 
tumor growth. When tested separately (groups II and 65 levels of glucarate are known to sHghtly reduce the 
III), optimal doses of HPR (2 mmol/kg) or CGT (128 level of circulating steroid hormones, bcluding estro- 
mmol/kg) decreased mammary tumor sizes by 15% and gen or testosterone (Walaszck ct al.. Carcinogenesis, 7, 
25%, respectively. Tumors continued to grow in rats supra, possibly through phase II reactions, but it is ques- 



at the latter time periods referred to above as being 
statistically significant. 

It is known that weight gain/food intake may affect 
tumor growth as reported in Klurfeld et al., I>etermina- 
tion of degree of energy restricuon necessary to reduce 
DMBA-tnduced mammary tumorigcncsis in rats during 
the promotion phase, J. Nutr. 119:286-291 (1989). 
Therefore, rats in all groups were weighed weekly and 
the results are shown in Table HI below. Weight gain 
was essentially identical in all groups. 

TABLE HI 

Average Weight of ihe Rats Just Before 
Treatment and al the End of Experiment 

Iniiiai Weight Final Weight 







(gm) 






(gm) 




Control (Chow + Vehicle) 


418 


+/- 


2S 


437 


+/- 


JO 


HPR (2X> mroolAg) 


401 


+/- 


13 


413 


+/- 


10 


CGT (4%) 


404 


+/- 


22 


429 


+/- 


26 


HPR (a73 mrooIAg) 


409 


+/- 


18 


421 


+/- 


14 


CGT (2%) 

HPR (0.75) + CGT (2%) 


401 


+/- 


10 


413 


+/- 


15 


41 B 


+/- 


15 


428 


+/- 


18 



Control (chow + vehicle) 


7 


46.7 


+/- 


8-9 


96.6 


+/- 


13.9 


HPR(2.0miDOl/kg) 


7 


50.6 


+/- 


8.4 


Z93 


+/- 


13.7 


CGT<4%) 


7 


44.3 


+/- 


5.9 


82.0 


+/- 


16.0 


HPR (a75 mmolAg) 


7 


47J) 


-/- 


8.5 


90.7 


+/- 


18.0 


CGT(2%) 


7 


42.7 


+/- 


7.0 


84.4 


+/- 


17.0 


HPR (a73) + CGT (2%) 


7 


51.7 


+/- 


9.0 


96J 


+/- 


29.0 
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tjonable whether low levels act similarly. Effective of disease in living subjects having a diseased condition, 
. doses of retinoid induces differentiation in some tumor without excessive cytotoxic efTects. 
cell histio-typcs. but again the eiffect at the lower dos- Regression of breast cancer and inhibition of tumor 
ages is unclear. To obtain some indication of mecha- growth may be obtained, for :example, by the use of 
m'sra, the estrogen receptor levels were measured in ii\c 5 daily dosing for up to 50 to 100 days, or longer. Multiple 
tumors remaining in each group at the tcnninatioa of dosing, or dosing on any desired periodic basis, may 
the experiment As shown in Table IV below, there is ^ ^^^^^ -j^ therapeutically active ingredient is 

, no signiHcant difTcrence in the «trogen/prog«terone administered in an amount sufficient to aid regres- 

receptor profile m the group receivmg the combmation ^^j^.^^ ^^^^ ^ 

compared to the other groups. lo absence of excessive deleterious side-effects of a 

: -. ' . TABLE IV phyto-toxic nature. 

Effect of HPR and COT on the EstfogcD and Progesterone • The minimum dosage of the anticardnogcns used 

Rcccpiora of the EsubKshed DMBA-lnduced Mammanf Tumors alonci, consistent with maximum inhibition of carcino- 
Esttogcn Progesterone genesis is approximately equivalent to 4 gm % CGT (4 
Trcmc. N l^'Z ^.mJS" gm/100 gm of chow diet) or 1.0-1.5 mmolAg of HPR. 

This consideration is important since the human (in 
proportion to the surface area of the rodent) would 
need to consume approximately 40 gm of CGT per day 
:■ 20 while a dosage of 1.5 mmolAg of retinoid would result 
in ciimmulative toxicity, with excess being deposited in 
the liver. Thus previous studies have been hindered by 
^xr^, r j * i - n- a r-^-r ^ uT>t> concem and Bctual problems with the toxicity of effec- 

When fed at low ineffective dodges, CGT and HPR ^^^^^ retinoids. The problems common to the 

had no^observable mhibitory eff^t and mdeed en^ thtst mo classes of anticarcinogens when used 

hanced tumor development when fed separately. How- ,^ ♦ i • • * j i_ .t. • r- 

ever, in combination they inhibited tumor growth by f^P^^^^'^^ ? c.rcumvented by their combmation. Fur- 
over 33% over a four week period. Furthermore, the ^hermore, smce their efficacy was tested usmg a carci- 
combmation caused tumor regression in greater than "^S^'"*^ P^^^^^^ ^^.^^^ ""^"^"^ ? ^'^^ 
80% of the rats, a very significant effect These data are carcinogen (the rmmmurn effective dose), it may be 
relevant where a drug is considered active in any partic- 30 possible to reduce their concentrations even lower 
u!ar tumor histio-type if it yields positive in at least 70% chrome dose exposure to carcinogens. Thus, we 

of the patients, Stolfi ct al, Chemotherapcutic cvalua- ^^^^ ^^""^ ^^^^ a combination of 2% CGT and 0.75 
tion using clinical criteria in spontaneous autochtho- ■ mmol/kg of retinoid is as effective as the single higher 
nous murine breat tumors, J. Natl. Cancer Inst. 80:52-55 dos^ofeacH. 

(1988). : : 35 The anticarcinogenic combination of CGT and HPR 

One possibility of the mechanism of action of the compounds (active ingredients) of this invention can be 
.synergistic combination is that through conversion to administered ;io inhibit the formation of tumor cells or 
D-glucaro-l,4-lactone and consequent inhibition of to decrease the risk of contracting cancer by any means 
bcta-glucuronidasc, the net formation of HPR-glucurp- that produces contact of the active ingredient with the 
nide is enhanced. The D-gIucaro-l,4-lactone compound ^ agents site of action ih the body of a human or animal, 
is believed to be more effective and less toxic than the This anti-carcinogenic combination can also be adminis- 
parent compound. Retinoid-glucuronides have previ- tered to inhibit tumor growth and cause tumor regres- 
ously been shown to have efficacy in tumor cell culture sion. The combination can be administered by any con- 
. system, Zile et al., Induction of differentiation of human ventional means available for use in conjunction with 
promyelocytic leukemia cell line HL-60 by retinoyl 45 pharmaceuticals, either as individual therapeutic active 
glucuromde. a biologically active metabolite of vitamin ingredients or a combination of therapeutic active in- 
A, Proc. Natl. Acad. Sa. (U.S^) 84:2208-2212 (1987); g^edients. ^ combmation can be adrninistered along, 
Gallup et al.. Effects of retmoid beu-gluaiiomdes arid ^ut is generally administered with a pharmaceutical 
N-retmoylaxmncs on differentiation of HL-60 cells m ^^r^v- u v^r*u u * r j 

vitro, Proc. Soc. Exp. Biol. Med. 186:269-294 (1987). 50 "f^^'^^Z a T u 

It is shown herein that combinations of low ineffec- ministration and standard pharmaceutical practice, 
tive doses of HPR and CGT give a synergistic anti- dosage admmistered will be a tumor-mhibitmg 

tumor (chemotherapcutic) activity which is highly ef- T"""^! ingredient and will, of course, vary 

fective against rat mammary carcinoma. dependmg upon known factors such as the pharmaco- 

It may be advantageous to formulate the composi- 55 dynamic charactenstics of the particular active ingredi- 
tions of the invention in unit dosage form for case of ^ administration; age, 

administration and umTormity of dosage. A unit dosage health, and weight of reccipient; nature and extent of 
formed, as used herein, refers to a physically discrete syinptoms, kind of concurrent treatment, frequency of 
unit suitable for use as a unitary dosage for the mamma- treatment, and the effects desired. Usually a daily dos- 
lian subjects to be treated; each unit contains a predeter* 60 active ingredient can be about 5-400 mg/kg of 

mined quanitityofactive material calculated to produce hody weight. Ordinarily, 10-300. and preferably 
the desired therapeutic effect, in association with the 100-300 mg/kg body weight per day given in single 
required pharmaceutically acceptable carrier. Specifi- doses or divided doses 2-A times a day or in sustained 
cations for unit dosage forms are dictated by and di- release form is effect to obtain desired results. In a pre- 
recdydependenton(a)theuniquecharacteristicsof the 65 ferred embodiment the dietary supplement comprises 
active material in the particular therapeutic affect to be approximately 0.01 to 0.02 parts by weight of the 
achieved, and (b) the limitations inherent in the art of glucarolactone-based compounds for inhibiting beta- 
compounding such an active material for the treatment glucuronidase and approximately 0.0003 to 0.0006 parts 
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by wdght of the retinoid-bascd compound for elevating prising glucarolactone-based compounds and retinoid- 

levels of cellular cAMP and of histonc kinases. based compounds is provided, the members of the com- 
Dosage fonns (compositions) suitable for internal positions of which induce regression and/or inhibit the 
administration contain from about 1.0 mg to about 500 induction and growth of various malignant tumors in 
mg of active ingredient per unit. In these pharmaceuti- 5 mammals. 

cal compositions active ingredient wiH normally be It will be apparent that various changes may be made 

present in an amount of 0.5-95%, by weight, based on in the method of preparation and use, as well as in the 

the total weight of the composition. particular substitution of therapeutically active compo- 

Thc active ingredient can be administered In the diet sitions of the present invention. Accordingly, the pre- 

or in solid dosage forms such as capsules, tablets and 10 ceding disclosure should be construed as illustrative 

powders or in liquid dosage form, such as elixers, syrups only, and the scope of the claims should be mcorporated 

and suspensions. in accordance with the claims appended hereto. 

Gelatin capsules contain the active ingredient and We claim: 
powdered carriers, such as lactose, sucrose, mannitol, 1. A dietary supplement for use as a chemotherapeu- 
starch, cellulose derivatives, magnesium stcaratc, stca- 15 tic agent in treating mammary cancer in humans or 
ric acid, and the like. Similar diluents can be used to aninials via steady and prolonged inhibition of beta- 
make compressed Ublets. Both tablets and capsules can glucuronidase and via elevation of the level of cellular 
be manufactured as sustained release products to pro- cAMP (cyclic AMP) and of histbne kinases, the supplc- 
vidc for continuous release of the composition over a mcnt consisting essentially of approximately 0.01 to 0.02 
period of hours. Compressed Ublets can be sugar- 20 parts by weight of calcium glucarate for inhibiting beta- 
coated or fllm^oated to mask any unpleasant taste and glucuronidase and approximately 0.0003 to 0.0006 parts 
protect the ublct from atmosphere, or enteric-coated by weight of N-{4-hydroxyphenyI) rctinamide for cle- 
for selective disintegration in the gastrointestinal tract vating levels of cellular cAMP and of histone kinases. 

Liquid dosage forms for oral administration can con- ■ 2. The dietary supplement of claim 1, wherein a daily 

: tain coloring and flavor to increase patient acceptance. 25 dosage of the supplcnicnt is from about 100 to about 300 

- Useful pharmaceutical-dosage forms for administra- ipgAg body weight. 

tion of the compounds of this invention can be illusr : 3. The dietary supplement of claim 1 wherein the 

trated as follows: supplement is administered promptly after the detection 

CAI*SULES: a large number of unit capsules are of the tumor, 

prepared by filling standard two-piece hard gelatin 30 ; 4. A method of treating mammary dancer in humans 

capsules each with 100 mg of powdered active ingredi- or animals comprising administering an amount* which 

ent, 175 mg of lactose, 24 mg of talc, and 6 mg magne- is safe and sufficient of the dietary supplement of claim 

sium stcaratc. A mixture of active ingredient in soybean 1 including the glucarolactone-based compound and the 

oil is prepared and injected by means of a positive dis- retinoid-bas^d compound, or a pharmaceutically ac- 

placement pump into gelatin to form soft gelatin cap- 35 ceptable salt thereof to a patient having at least one 

sules containing 100 mg active ingredient. The capsules manunary tumor. 

are washed and dried. .5. The method of claim 4,; wherein a daily dosage of 

TABLETS: Large nimiber of tablets are prepared by the supplement is from about 100 to about 300 mg/kg 

conventional procedures so that the dosage unit is 100 body weight. 

mg of active ingredient, 0.2 mg of colloidal silicon diox- 40 6. The method according to claim 4, wherein the 

ide, 5 mg of magneaum stearate, 275 mg of microcrys- supplement is administered promptly after the detection 

talline cellulose, 11 mg of cornstarch and 98.8 mg of of the tumor 

lactose. Appropriate , coatings may be applied to in- 7. A pharmaceutical composition for use as a chcmo- 

crease pallatability or delayed absorption. therapeutic, agent for treating mammary cancer in hu- 

For treatment of non-human animals, the composi- 45 mans or animals which comprises a therapeutically 

tion is preferably incorporated in animal feed, feed sup- effective amount of the supplement of claim 1 in admix- 

plements or feed concentrates. ture with a pharmaceutically acceptable, substantially 

From the preceding, it can be seen that in accordance non-toxic carrier or excipient. 

with the present invention, a novel composition com- * * * * * 

50 
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COMBINEb DEHYDROEPIANDROSTERONE Most recenily, topical Iberapy with active vitamin A 

AND RETINOID THERAPY FOR derivatives, especially retiooic .acid, have been shown to 

EPITHELIAL DISORDERS specifically stinauJate tissue repair in ibe denpal layer and 

proliferatioD and tbickecuDg of the more superficial epider- 
mal layers. Retinoid therapy results in a reduction of fine 



FIELD OF THE INVENTION 



The present invention relates to methods of using dehy- wrinkles, promotion of new collagen synthesis, and reduc- 

droepiandrosierone (DHEA) and its derivatives in combi- tion of the occurrence of sun-induced basal cell carcinomas, 

nation with vitamin A derivatives (retinoids) for the treat- However, retinoic acid iberapy often causes dryness, 

menl and prevention of disorders of epithelial tissues^ redness, burning, peeling, and increased sun sensitivity of 



BACKGROUND OF THE INVENTION 



the skin. These side effects make retinoic acid therapy 
unacceptable to many individuals. 



With aging, in both men and women, skin becomes thin. Microscopic study of retinoic acid-treated ^dn reveals 

transparent, dry, and prone to uncontrolled growth of its altered keratin protein production, reduced cell-lo-ccll 

superficial or epidermal layer. Sun exposure produces cohesion, changes in the composition of the lipid barrier of 

"photo-aging," which accelerates these changes and stimu- 35 ijje granular layer, and cellular disorganization of the supcr- 

lales the development of premalignani, raised, roughened ficial stratum comeum. An increase in trajns-:epidermal water 

areas (actimc keratoses), and malignant tumors (squamous loss is seen with retinoid iberapy which is similar to that 

and basal cell carcinomas). observed in atopic dermatitis and congenital deficiency of 

In aging skin, at the microscopic level, the outermost the lipid barrier in ichthyosis, 

layer of cells, or "stratum comeum,^ shows diminished -0 Sysiemic therapy using oral retinoic acid has proved 

cellular cohesion. Furthermore, dry or comified cells are useful in preventing precancerous changes in the oral 

shed more rapidly than in younger skin. In the deeper mucosa of the elderly ("leukoplakia- ) and in preventing the 

granular layer, the predominant cell type, called ibe development of new mmors in individuals who have bad 

keratinbcyte, is known lo have fewer intracellular kcrato- previous squamous cell cardnomas of the head and neck, 

hyalin granules and fewer subcellular organelles in older --^ However, such systemic therapy with retinoids results in 

skin compared to younger skin. simflar, or more severe, toxic reactions than those observed 

The lipid-based "epidermal water barrier,*' which ema- with topical use, including pseudo tumor cerebri, hepatitis, 

nates from the granular layer, has been shown to have dry eye syndrome, hyperostosis, and hyperlipideroia. 

reduced complex lipid and ceramidc content in aged skin a need exists for improved therapy to protect the skin 

when compared to younger skin. The characteristic subccl- - from ultraviolet -light -associated damage and lo reduce the 

lular organelle of the granular- layer keratinocyte is the toxicity of current retinoid therapy for various epithelial 

"lamellar body" or "keratioosomc," whacb is composed of disorders. Preferably, such treatments would stimulate the 

phospholipids, ceramides, and free sterols. The lamellar natural biosynthesis of the epidermal lipid barrier in skin 

bodies migrate to the penphery of the granular cell, where jba, j^si with aging and diminished as a result of retinoid 
they fuse with the plasma membrane and expel their con- 
tents into the intercellular space. Once in the intercellular 

space, ceramides organize to form the intercelhilar cement, SUMMARY OF THE INVENTION 
holding together the more superficial corneal cells and 

constituting the lipid barrier of the epidermis. present-invention relates to compositions and meth- 

71,e precursors forbiosynlhesisof ceramides and special- ^ ^ treatment^of oxidative epithelial damage, inad- 

ized lipids include essential fatly acids and the action of surfactant production m lung disorders, and disorders 

subcellular organelles, called -microbodies" or "peroxi- cpilbelium The compositions of the 

somes- Peroxisomes are enzyme-rich and arc known to fJ[!?^°A comprise dehydrocpiandrosteronc 

participate in the metabolism of long-chain falty acids (P^^) pbarmacologKally active vilamm A denva- 

derived from the essential fatly acidSw . Uves, 

Both exposure to ultraviolet ligbl and aging are associated ^^^^ spedfically, the DHEA suitable for use in the 

with diminished peroxisome numbers and enzymatic activ- P'^^' mvention is selected from the group consislii^ of the 

*^ - ^ firec alcohol of DHEA, DHEA-S, DHEA derivatives which 



ity. 



T» t „ r .L J . -J 1 » 1 «T- retain the pharmacologically actrvity of DHEA, aoid mix- 
Basal cells form ihc deepest epidermal cell layer. With so .u r j ^ • * j • - . j r 
aging, ibey become shorter aSl4adhereDl lotbedermal «»r«««bereof,aDdlbev.tanni.Adenval,v«areseto^^ 
layer below. TT,eir nucki becoine inegularly shaped, sup- ^^^^ng^f 13HC,s-retino,c acrf. 
plying further evidence of disorfered |rowth and different N-{4-hydn,xypheDyl)retmam>dc. all-lrans-re.moic aod.ren- 
liauon of older, as compared lo younger, stan. nal palmrtate, P-carolene otb^ precursors and denvauves of 
^ . . - , • . , . reiiDoic acid, vitamin A and vitamin A denvalives, and 
Owonic sun exposure predommanily alters the dermis, 55 mixtures thereof 
where elastic fibers thicken, degrade, and degenerate in 

amorphous masses. Collagen is damaged due to proteolytic DHEAMlamin A derivative compositions may be 

enzymes assodated with ultraviolet-lighl-induced ioflam- fpnnulated for oral, intranasal, topical, intravenous or sub- 
. mation. As a result, wrinkles become deeper and pcrmanenl. ^^^^ adminisuation. 
Also within the dermis, sebaceous glands become larger and 60 DETAILED DESCRIPTION 

contain more cells, even though their production of sebum 

is less. The present invention provides a method for combining 

Therapy for skin-aging and photd-damage has been advo- dehydroepiandrosterone (DHEA) with retinoids to reverse 
cated to reduce occurrence of epidermal cancer with advanc- tissue changes due to aging and prevent changes due to 
ing age. Such therapies have included the use of sun- 65 ultraviolet light exposure. 

blocking chemicals, such as para-aminobenzoic acid and During the aging process in rriost mammals, one of the 
meihoxy-cinnamate. most dramatic hormonal changes which occurs in both 
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males and females is ibe progressive fall in DHEA: DHEA conditions, snch as atopic dermatitis, psoriasis, and congeni- 

and its sulfated derivative, DHEA-S, comprise I be most lal ichthyosis, there is a reduction in epidermal ccramide 

abundanl steroid, released into the circulation by the adrenal content associated with scaly and dry skin. The loss of these 

cortex. However, starting in the third decade of life, daily bpids results in a deficient lipid barrier, permining increased 

secretion of the hormone begins a continuous decHne, and 5 penetration of eovironmenlal agents into the skin and dimin- 

by the sevenib decade of life, a 90% reduction in DHEA ished repair of ultraviolet -b'ght-induccd damage, 

blood levels is commonly observed. Retinoid therapy results in the proliferative response of 

Although the full range of biological activity of DHEA dermal and epidermal cell types, which partially reduces 

hasnotbcenestablished, it hasbeensbown toplay arolein photo-aging changes. The toxic effects of retinoids are 

a number of cellular activities in various tissues, such as in related to a further reduction in age-related deficiencies in 

sebaceous gland activity in skin; in nervous tissue, as in the the lipid barrier. Thus, retinoid therapy induces reversal of 

treatment of central nervous system degeneration, especially existing premalignant skin changes but, when combined 

in Alzheimer's Disease; in treatment of diabetes; in treat- with ongoing ultraviolet exposure, reduces resistance lo 

ment of arthritis; in promoting cervical ripening in preg- oxidative damage^ and can serve as a tumor promoter, 
nancjr; in anti-cardnogenic activity; in anli-atherosclerotic ^5 DHEA counteracts these unwanted actions of retinoids. 

acliviiy; and in various effects on metabolism in animals. The various foraas of DHEA useful in the present inven- 

especially a prohferative effect on subcellular peroxisomes. tion are pharmacologically active DHEA; 

The composition of the present invention combines the dehydroepiaDdroslerone-sulfate (DHEA-S); the free alcohol 

activity of DHEA and retinoids, which combination reduces of DHEA; derivatives of DHEA, such as DHEA 3-3celate 

side effects and toxicity which result from the use of either (3-bydroxy-5-androsten-17-onc-acetale), DHEA-3- 

DHEA or retinoids alone. The side effects of increased glucuronide (3-hydroxy-5-androslen-l 7-onc-3- 

sebum production and associated acne, caused by DHEA's glucuronide), DHEA-hemisuccinatc, DHEA- valerate, 

stimulation of sebaceous gland tissue, are reduced by the DHEA-enanihale, DHEA- fatty acid derivatives, 

drying effect of retinoids, which reduce the production and 16-fiuorinated, 16-brominated DHEA, and DHEA-salis; and 

release of sebaceous oil. DHEA, likewise, aroc borates the other such DHEA compounds which retain the biological 

excessive dcin dryness, redness, and. increased pbotoscnsi- function and activity of DHEA. 

tiviiy induced by retinoids, by improving the quantity and Also useful for use in the present invention are roctabobc 

quality of the ceramide-basedhpids produced by the granu- precursors of DHEA, such as pregnenolone, and active 

lar kcratinocytes. The combinations of DHEA and retinoid metabolites, such as P-cliocholanolone. Other steroid bor- 

may be delivered or administered as a single component, for roones wiih weak peroxisome- inducing activity but lacking 

example, in a single cream, or the combination may be converiability to androgens, such as progesterone, are also 

administered separately, for example, a cream with one of useful when avoidance of hair follicle stimulation is neces- 

ibe components may be administered, followed by admin- sary to minimize androgenic alopecia, 

istration of the second component. ^3rious forms of vitamin A for use in the present 

The combinations described herein can be used topically invention include pharmacologically -active retinal and 

or systcmically to reduce the changes associated with intrin- retinol, but especially retinoic acid (tretinoin). In addition, 

sic and photo-aging of skin. The combination also has an the highly-active synthetic vitamin A derivatives, such as 

anti-proliferalive, anti-carcinogenic, and differentiation- 13-cis-rednoic acid (iso-Uetinoin), all-lrans-relinaic acid, 

enhancing effects on other cpiihchal tissues. N^4-hydroxypbenyl)retiDamide, 4-HPR(fennelinideX and 

The present invention provides a method for using DHEA other synthetic vitamin-A derivatives can also be employed, 

and its derivatives and analogues, in combination^tb but at lower doses than the naturally-occurring vitamin A 

retinoids, lo restore production of specialized lipid synthesis derivatives. For 'cosmetic applications, the less-active, 

by keratinocytes in ddn and other ectoderm ally-derived naturally-occurring vitamin A derivatives, such as retinal 
tissue. Specific examples of responsive nOD-sldn kerati- 45 palmitate aod precursor p-carotene, may be used, 
nocytes include keratinocyte-like cell populations found in 

the pineal gland and the thymus. Treatments with Retinoid-DHEA Combinations 

In the present invention, DHEA is used as an agent to '^'^'^^ Administration 

stimulate peroxisomes and to prevent or reverse the reduc- The retinoid-DHEA combination may, if desired, be 
tioo in peroxiscxnal activity due to aging-related decreases in 50 admimslercd in appropriate pharmacologically acceptable 

DHEA tissue levels. Without being bound by scientific carriers in such forms as CTcams> lotions, Hpsticks, and 

theory, DH^ therapy is thought to stimtilate new pcroxi- dispcisible powders. 

some formation to compensate for uliraviolel-h'gbl-induced In such treatments, DHEA and retinoids are solubilizcd in 

peroxisomal inactivalion. An increased peroxisome pojpula- a suitable carrier, such as ceiyl alcohol, glyceryl siearatc, 

tion provides for increased synthesis of the spbingohpid 55 polyethylene gIycol-100 stcaratc, sorbitol, water, or combi- 

prccursors c^ceramides. In addiuon, stimulated peroxisomal nations thereof. To this basic carrier formulation arc added 

metabolism increases resistance to oxidadve stress by ethylene-diamine telraacctic acid (EDTA) and vitamin E 

increasing the turnover of membrane phospboUpids which alcohol as a preservative and an anti-oxidant, re^ciivcly, lo 

have been damaged by ultraviolel-light-triggered peroxida- form a cream base carrier. EDTA is added at a concentration 

^^^^ 60 of about 0.05% to about 0.1%. and vitamin E alcohol is 

DHEA, of the present invention, acts as an agent lo added at a concentration of about 0.05% to about 0.1%. The 

stimulate the peroxisomal-bascd biosynthesis of complex lenn % as used herein is % weight by volume, unless 

lipids, especially the sphingolipid-derivcd ceramides. otherwise staled. 

DHEA therapy ^>ecifically stimulates keratinocytes and A combined DHEA-retinoid-conlaining cream (0.75% 

other hormonally-responsive epithelial cells to produce 65 DHEA, 0.075% reunoid) for topical treatment is prepared by 

increased amounts of these and related membrane-active, forming an oil-in- water emulsion as follows: The water 

strucmral lipids. With aging and various abnormal skin phase is prepared by mixing 50 mg of EDTA and 5 cc of 
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propylene glycol in 85 cc of water, and be a ting to 65^ C. for MerckJ) in concentrations of about 1% to about 5% is 

5 mio. The oil phase is iben formed by combining 10 cc of preferred to protect against ibe side effect of androgenic 

cetyl alcohol and 4 cc of 21 stearyl eibcr, supplied under tbc alopecia where such side effects are lo be avoided 

name of Brij 721 by Sisj,a Cbemical Co S.. hox,is. Mo ^„ delivered lopically to treat intrinsic and photo- 

Calatog No_ P6153 and hcalmg lo 60 C 750 n,g of 5 3gi„g of ,be skin, the con>biDalioDS of DHEA and retmoids 

crystalline DHEA alcohol and 15 mg of retinoic acid js j -u j u - i u • t u "j^^uo 

J. .L L . J M u -.u T . • - .1.1- described herein, noay also be use id further combination 

added to the heated oil phase, with constant mixing, until the - , . - . ^ . . , vujt^iu<i,ivu 

DHEA and retinoic acid are dissolved. The water phase is with other v.tamms(E.D. and Q;ant,-ox,daDl peptides such 

slowly added to Ibe oil phase, with constant mixing. The ^ gl"'J'l«''«. "btqu.none phosphobpids (e g phospbat.- 

. resulting emulsion is aUowed to cool, and 0.1 cc of vitamin <'y"=''o ",e and phosphat.dylsenne); ■ and spb.ngohp.&, 

t? 1 u I - jj J. .u t J - ; ea>ccialJY ccraraioes. Suitable concentrations for use ID the 

E alcohol IS added to Ibe cooled mixture. The concentrations ^ ^ . . ^„ \. . . 

. - J r u . nnn^nr . v . n -^rr c .l prcscDt iDveDtiOD are about 0.1 % to aboul 1 % of vitamiD E; 

can be varied from about 0.001% to about 0.2% for the l . onnior . w . r^r^cr^ r - - ^ * ^^^^ ^ 

... , . . n/^crr . w . i ncr f rsur a aboul 0.001% to about 0.005% of Vitamin D (la-hvdroxv 

retinoid, and about 0.05% to about 1.0% for the DHEA - ^ oc/^,, \rx x ^ ^ .-^ \ « , 

(w^). Preferably, the relinoic-acid concentration is about ''1^°"° -^^^"ff '° 

1%. and the DHEA concentration is abo«I 0.75%. Applica- C; about 0.01% to about a05% aDt.-ox.danI 

f.. - r LI _r J . - u. - . peptides, such as glutathione; about 0.002% to about 0.01% 

. tion of the mixture is preferably performed at night, pnor to " , ' ^ ^ m ^ . ^ . , V: 

, . -...ul u 4^ . t-A ubiquinone; about 1% to about 10% of phosphohpids; and 

sleep, lo avoid ultraviolet light when first applied. i„ . ^r? / u . -ir^ r , fi'^^jf'"** 

-T r - J - - L 1- . J r 3^^' *o aboul 10% of sphmgobpids where such addi- 

The treatment of oxidative epithehal damage of a roam- ^-^^ ^ desirable 

mal can be achieved by topical application of DHEA and V- l- - r t^i 

retinoids in a cream base carrier, as described above. Oxi- oq Combmations of DHEA and retinoids can also be used 
dative epithelial damage is defined, in the present invenlion, T . "^'^ synergisljcally-active macrophage stimulators, such as 
to include the effects of aging on the skin as weU as chronic ^I"cans and ace-mananas; or immunomodulalors, such as 
conditions, such as atopic dermatitis, psoriasis, vernal interferons, interferon an lagonisis, and mterlcukin^ colony- 
conjuDciiviiis, congenital ichthyosis, scaly and dry skin, siimulaiiog and growth-snmulating factors, sucb as trans- 
certain dry eye conditions, blepharitis, ultraviolet-induced 05 f^^^ growth factor beta (T-GPP) and epidermal growth 
skin damage, damage caused by cbemical peel procedures, ^^^^^'^ hormones such as melatonin. For use 
superficial bums, chronic papilloma herpes viral infection, "'/^^ P'^^"' mvenUon, glucans are used at a concentration 
and squamous cell carcinoma. ^1^^^ »^ ^ ace-mananas are used at a 

-r - , . . , r -J -.u 1- 1 J w concentration of about 0.1% lo about 0.5%; interferons are 

Topical treatment of oxidative epithelial damage can be . • ^ , y^^, oi*, 

. - . . - . rrMiT-A j.iT -J i*sed at a concentration of about 0.01% to about 0 2%- 

achieved by using concentrations of DHEA and the retinoid ^ . » ^ * v/.^^/t/ awui u.-yi?, 

... ... , J , . J mteneron antagonists are used at a concentration of about 

which are at the lower of ibe ranee described above and , r^^^ - , " awui 

-u-.. . , . J . 7-1^ rj.- U.U1% to about 0.2%: interleuJans arc used at a concentra- 

whjch have been added to a cosmetic base for daytime use. . ^ . « . ~^ " , ' wuttuuu 

Tu t . . -.. . .LI- *^*>° of about 0.01% 10 about 0.2%; colony-siimulatine 

The lower concentrations reduce any imtation to the skm ^ ^ . ' * ^'^^j otx^juj^uu^ 

... r 1 L - *. .1- factors are used at a concentration of about 0.01% to aboul 

that may result from sun exposure. Id such mixtures, tbc j- . i-r^ro ^ -wui 

retinoid concentration is abouVo.001% to about 0.01%, and 35 S'**^'' r "^^^"^^^ J"^ " 

the DHEA concentration is about 0.05% to about 0.25%. concentration of alx^ul 0.01% to about 0.02%; and 

Preferably, the retinoid concentration is aboul 0.01%, and ''?!™°"*^^ '^^T^L ""l 'concentration of 

the DHEA concentration is preferably abom 0.1%. In this ^bonl 01% to about 03%, where sucb combmations may be 

t ^ . . . . - desirable, 
embodiment of the present invention, the cream base earner 

also comprises ultraviolet-ligbl blocking agents such as zinc 40 ^^^^ described treatments with DHEA and retinoids 

oxide, para-aroinobenzoic acid, or methyl-cinnamate; vita- ^'^ne or m combmation witb the other described additives 

miD D; and additional lipids such as ceramidcs. In sucb ^ ^ approiwiale for oxidative damage to epithelial 

mixtures, the ultraviolet-light blocking agents are al a con- surfaces, which Occurs in association with aging-related 

centration of about 2% to about 7% (octvl methoxy rcducUons m circulatmg DHEA. However, such therapy is 

cinnamatc) or aboul 1.5% to aboul 2.5% (titanium dioxide); 4^ appropnate as a preventative therapy for chrome der- 

ibc vitamin D is added at a coDccntraiion of about 0.001% ^^^^^ ^ younger individuals with famih'al disorders of the 

to about 0.005% (la-hydroxy vitamin D3 or l,25(OH2)D3X epidermal lipid barrier. These disorders inchide atopic 

and the additional lipids are added at a coDCcnlralion of dcraoatitis, vernal conjunctivitis, psoriasis, and the icbthy- 

aboul 1% lo about 10%. This cosmetic preparation is pref- ^^^^ therapy is additionally appropriate in trcatii^ 
erably used by posl-menopausal women and is applied lo 50 "^^^ acquired disorders of epithelial tissue in aH ages, 

skin prior lo sun exposure. especially chronic viral iofectioD with the Human Papilloma 

When delivered topicaUy for f^omotion of the epithelial^ Y"^ 9^^^ ^"^^ reducing hypertrophic scar formation 

hpid barrier, DHEA, its related melabobtes, and brpminated J>^l«>^g ^^nis, dermabrasion, and cbemical peel procc- 

derivatives can all be used in varying coDcenirations and ^cs. 
corobinations, either alone or in combination with other 55 S>^emic Administration 

steroids sucb as progesterone and estrogen, which promote The compositions of the present invention may be admin- 

ceramide And other spedalized lipid biosynthesis. DHEA istcrcd by systemic administration in the form of parenteral, 

alcohol, or its metabohtc, p-etiocholanolone, is preferably subliiigual, transdermal, intranasal, or oral delivery. DHEA 

combined with a retinoid, such as tretinoin al a concentration aixl retinoids, as described above, can be incorporated into 
of about 0.1%, and is suitable for use in post- menopausal 60 Dano^hcres, microspheres, or liposomes for injection, and 

women. Lower concentratioos of DHEA (about 0.1%) are can be iixrorporated into cydodextrins for subb'ngual and 

preferably used in combination with tower-concentration aerosol delivery. All such methods are well known to those 

retinoids (tretinoin 0.025%X in younger women and in men skilled in the art. 

of all ages, where tbc natural h"pid barrier has been partially The retinoid-DHEA combination may, if desired^ also be 
maintained and less aodrc^enic activity is desired. Tbc 65 administered in appropriate pharmacologically acceptable 

further addition of 5-alpha reductase inhibitors carriers in the form of tablets, granules, capsules, syrups and 

(progesterone, spirono-Iaclone, and 4-a2asteroids [Proscar, elixirs. Tbc tablets may contain one or more compounds, in 
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addition 1<> ibc rciinnid-OI lUA combination, by adroixiDg established procedures. Proliferating cells, from cell line 

with a>nvcnii»>nj| phjrmjci>h>i;icjlly accepiabJe excipicDl, NHEK-346, were subcullured at a density of 2.5x1 (T^/cm- 

such as inert diluents (fur cNjmplc calcium carbonate, in fiat culture fiasks, in steroid-free, 0.03 n3M caldum, 

sodium carbonate, bcit>sc,M)rbiiol and talc) granulating and keratinocytc growth medium (KGM) suppbed by Clonelics 
disintegratini; ajzents (such as starch and alginic acid) bind- 5 Corp. of San EHego. The cells were incubated at 37* C. in an 

ing agents (.such as s*>rbiioI micrtHrrystalline cellulose, gela- humidified atmosphere of 5% CO-> in air. 

!in and acacia) ami lubricating agents (such as magnesium Af the start of the experiment, equal ab'quots of cells were 

sicaraic, stearic acid and talc), llie tablets may be uncoaicd transferred to eight new fiasks containing fresh KGM with 

or coaled by kni>wn techniques to delay disintegration and a higher caldum concentration (0.15 mM). lo permit ongo- 

adsorpiion in ihc gaMroiniestinal tract or incorporate cyclo- i^g differentiation. A test medium was added to each of the 

dexirans to provKk: a suMametl actjon over a longer penod q^]^ ,^5, ^^^^^^^ ^^rc as follows: 

''^l'"'''*' , , .. - ^ - 1. KGM only (Control) 

For oral admmisiraiii»n. the OIILA and retinoids are v-r-xj r^r^Acr ^ .l i ir -j /t^ii*o^\ 

formulalcd in ca,>sulcs or in suMaincd-rclcase iable.s. For ' KGM+0.004% d.melhylsulfox)ck (DMSO) (dJueot 

parenteral admini.^raiitMi. ihe OIILA and retinoid are solu- ' 

bilized in about 5'; M.rum jibumin .solution with added (1:1 ^- KGM+0.002% DMSO+0.1 //M DHEA 
vol:vol) dextran (such as that supplied by Sigma Chemical 4. KGM+0.002% DMSO+10//M DHEA 
Co., Si Louis Mo.. Cat No. 1)4133). For sublingual 5. KGM+0.004% DMSO+0.1 /^M Ret inoic Acid (RA) 
administration, the DIILA anti retirM>ids are formulated by 6. KGM+0.002% DMSO+IO //M RA 
solubilizing in a .st>Iuii.m of hvdroxypropyl-6-cyclodextriD, ^ 7. KGM+0.004% DMSO+0.1 /iM RA+lO //M DHEA 
then frecze-drying ami comprexsing into tablets. For intra- g KGM+0.004% DMSO+10 ;/M RA+0.1 //M DHEA 
nasal administration, the DIILA ami retinoids are formulated xbe cells were harvested after an additional 72 hours 
as for sublingual administration and resuspendcd in 0.9% incubation, counted, and observed microscopically, 
saline or a suiiable earner lor metered aerosol delivery Aliquots of equal numbers of viable cells fyom each of the 
For oral use, the compt>Niiion of the present invention the ^_ eight flasks were then separately subjected to lipid extraction 
dosage rate comprises administering 01 ILA from about 0 09 as follows: 100 /d of cell suspension was added to 2 ml of 
g to about 1 g of DMLA per day, with a retinoid of from etbanokdielhyl ether (3:1 voI:vol), sonicated, and filtered 
about 0.025 10 0.2 g of retinoid per day. The ireaimeni is through 0.22-raicron hydrophobic raicrobore filters supph'ed 
conducted by administering DIILA about 3 limes a day and by Alltex of Nevada City, Calif. The samples were dried 
the retinoid, about onc-c a day. fhe trcaimeni is continued for under a stream of nitrogen, redissolved in 60 /i\ chloroform- 
about four weeks and ihcn adjusted to the minimally- :melbanoI (2:1 volivol), and frozen under nitrogen at -70** 
effective dose. In one cmbt>dimeni of the present invention, C. until processed further. 

the retinoid, for oral use, is isotretinoin (J3-cis-retinoic Ce ra mi de analysis was performed in a two-step procedure 

acid). on HPTLC plates (sihca 60, 10x20 cm plates supplied by 

Trealmeni of a mammal by sy.sicmic administration with Merck of West Point, Pa. Five //I of the samples were apph'ed 

the compositions of the present invention is desirable lo ' onto the plates. The plates were developed lo 5.5 cm in 

prevent the recurrence of squamous cell carcinomas in solvent system 1 (methanol :chlorofonD: water, 20:95:1, by 

elderly individuals, or, in prc maturely-born infants, to siimu- volume) and dried in cool air. The plates were then deveN 

late differentiation and increased surfactant production by oped to 9.0 cm in solvent system II (petroleum clberdielh- 

tbe alveolar epithelium of the lungs. In this use, the agents yletheracelic add, 70:30:10, by vohime). Subsequently, 

specifically stimulate Type -Two alveolar cells, lo produce they were dried under a stream of warm air. 

and secrcie increased amounts of surfactant. Such Ireaimenis Lipid spots were visuah'zed by dcgradalive charring. After 

supplement the therapy of surfactant-deficiency slates, seen chromalography, ibc plates were sprayed with 10% Cu-II- 

. in chronic obstruct ivc pulmonary disease in the elderly and acetate (wA^) in 8% {w/v) o-phosphoric acid and chaaed for 

to hyaline membrane disease of preinature newborns. The 64 roin. at 155** C. in a gaschromatograpb oven. (}uantifi- 

compositions of the present invention are also useful for tbc cation of lipids was by compaiisco with commercially 

systemic treatment of proliferative, aging-assodated disor- available lipid standards (supph'ed by Sigma Chemical Co.) 

ders of oral epithelium (leukoplakia) or urinary bladder were run on ibc same plate every lime: cbolestcrol-3-sulfatc 

epithelium (roclaplasiaX including secondary prevcniioo of (Catalog No. C9523), cercbroside type JI (Catalog No. 

traositional cell carcinoma of the bladder. C1516), ceramide type III (Catalog No. C2137), ccramide 

EXAMPLE 1 ' ^ (Catalog No. C2512), cholesterol (Catalog No. 

Use of DHEA-Rctinoid Combinations to Stimulate Differ- ^^^^ ^^f^'^f^^^"^ "^^^^^^^ cbolestciyl okate 

entiatioo and Increased Ceramide Production in Cultured ^^>' P^^'"^*^ ^^^^ (P-9767X squaleoc 

Human Kcraiinocytes (S-3626), and n-pcntacosan (Catalog No. P7260). Lipid 

Submerged culnirc of normal human keratinocytcs is an 55 mixtures containing 100 ng to 2 /ig of each lipid 

established experimental system for the study of the control "^^JZ each platc. 

of differcniialion and growth of skin cells. Data on pbarma- companson of tbc lipids extracted from the treated 

cologic and hormonal control in this system have been found ^ Ibc bpid standards demoastraled increases in tbc 

to be directly applicable to cell behavior in intact human ^V^'^^^^ ^^"^'^ ceramide bpids from kcraiinocytes 

squamous epithelium. 60 s'""^"'"' OHEA. Ccramide production was not stimu- 

Tbe following experiments utilize keratinocytc culmre in ^^'^"^ "'1"^'"^ combinations of DHEA and 

conjunction with high-performance thin-layer chromatogra- ^<^^^^oic acid produced a unique pattern of ceramide 

pby (HPTLQ, to establish the action of DHEA and syner- production as weU as affecting the quantities of other 

gislic combinations of DHEA and retinoids on ceramide ^P'*^ produced, 

production by kcraiinocytes. 65 EXAMPLE 2 

Human epidermal cell cultures (HEK) were established at Use of the Hairless Mouse to Demonstrate tbc Topical and 

Gonetics Corporation, San Diego, Calif., according to Photo-Proteaive Action of DHEA-Reiinoid Combinations' 
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The Skb hairless mouse has been used as a model lo study 
the pbolo-aging effects of chronic, low-dose uliraviokt 
(UV) radiation on ibe skin. There are* dramatic changes in 
ihe appearance of the skin surface, described as wrinkling 
and sagging. In addition, tumors develop, consisting of 
papillomas and carcinomas. HistologicaUy, there are a num- 
ber of alterations in the epidermis and dermis which arc 
similar lo those observed in sun-exposed human skin. For 
ibese reasons, the hairless mouse model was used to dem- 
onstrate the specific protective efifecl of DHEA- retinoid 
combinations in the following protocol. 

Female, albino, hairless Skh:HR-l mice were obtained 
from Charles Rivers Laboratories. TTiey were 12 weeks old 
at the start of trials. The mice were boused individually in 
special radiation cages and had free access to food and 
water. 

Animals were irradiated for 15 min., three times a week 
for 15 weeks, with a bank of four Wesiingbouse FS20 
sunlamps, placed 45 cm above their backs. W thin the UV 
spectrum, about half the radiation was in the UV-B range 
(280-320 nm), while the remainder was in the UV-A range 
(32(MO0 nm). Less than 1% of Ihe emission was below 280 
nm (UV-C range). Flux was measured, with an IL 700 A 
Radiometer (International Light, Newburyport, Mass). The 
daily doses of UV-B and UV-A were 0.09 J/cnT and 0.07 
J/cm^ respectively. Animals were randomly divided into one 
of five groups of seven mice each arid treated with: 

L 100 /il acetone (control) 

2. 100 /il acelone+10//g trans-retinoic acid (RA) 

3. 100 /il acctone+10//g DHEA 

4. 100 fA aceione+10 ;/g DHEA+1 ^g RA 

5. 100 /iJ acetonc+1 ;ig DHEA+10//g RA. 
Twcnty-four hours prior to each cycle of irradiation, each 

group received the above treatment, distributed evenly over 
the skin of the back. 

Weekly observations Nvere made on all animals. These 
observations included uniform scoring as lo wrinkle scale 
for the quantification of tumors and skin appearance. 71>e 
grading scale is presented in Table I. 

TABLE I - 
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TABLE I-continued 



Grade 



DcscTiptioo of Oradiiig Scales 
for "N^ible Skin Ctiapges 

DcscripiioD of Skin 



30 



Grade 



Descr^jtioo of Gradiog Scales 
for Visible Skin Changes 

DescT^tion of Skxn 



Skin WTinkKpg 

0 Nuaaeroas. fine strntions ccveiiDg I>ack and 

sides of body. Fine stmtions nm length of 
body (bcad-lo-tail dirccttonX 

Ol5 Loss of fine stmiioiB on bock aKmg spine. 

Numerous fine striatiODS along sides run 
IengU> oi body (hcad-to-tail direction). _ 

1- 0 No fine stnatkms on back and along sides. 

- Skin is smooitL 

33* No fine striatioiis on back and along sides. 

Some shallow permanent wrinkles across back 
(peipendtcular to head-to-tail direction). 

2.0* No fine siriattons on back and along sides. 

Sc\-cral shaDow lo nxxSerately deep permanent 
wrinkles across bad: Qpcrpcndicubr to head* 
to-tail direction). 

2- 5* fio fine striations on back and along sides. 

Numerous modeiatcty deep to deep permanent 
wrinkks across back (pcrpendicubr to bead- 
to-t2D dircctiooX 
3.0" No fine striations on back and along sides. 

Numerous deep permanent wrinkles across back 
(petpcndicular to bead-to-tail directionX 



Skip sagging 

0 Numerous fine siiiaiions covering back aod 

sides of body. Fine features run Jcngib of 
body (bead- to-l ail diredion) Skin has pale 
purple^pink coloration. 

0.5 Sh'ght reduction in fine sliiaiioos on back. 

Numerous fine features aloog sides run length 
of body (bcad-lo-taO direction) Slight 
" ' ' spotty bbnching of skin on badL 

3.0 Moderate reduction in fine striations od back ' 

and along sidesL Slight blancbisg on skin on 
entire back, 

1.5 Most fine stnattoios gone. Slight nodular 

wrinkJiog on back, with no orientation to 
nodules. Moderate blanching of skin on entire 
back- 

- 2.0 All fine striations gone. Moderate nodular 

wrinkling on back u-ith no orientation to- 
nodules. Complete blanching of skin on entire 
back. Slight loose folds of skin (bead-io- 
tail diiectioo) on sides. 

2.5 All fine striations gone. Moderate to sexTre 

nodular ^wrinkling on back, with no orientation 
to nodules. Complete blanching of skio oq 
entire back. Moderate loose folds of skin 
(head-to-taO dixcdion) on stdes^ 

3.0 All fine striations gone. Severe nodular 

wrinkling on back, with oo orientation to 
Dodules. Complete blanching of skin on entire 
back. Large loose folds of skin (head-lo- 
tail direction) on sides. 



*Thc fiist appearance of tunx)is is usually at a grade of 1.5. Higher grades 
35 are almost always accompanied by tumors. 

At 10 and 15 weeks, skin biopsies were performed on 
representative animals and were subjected to histologic 
evaluation using Hematoxylin, Eosin, and elastin stain. 
Observation of tbc treated mice demonstrated a pboto- 
^ protective effect of DHEA-lrealed mice in whom diminished 
erythema and diminished tumors were observed. Retinoid- 
b'eated mice developed an erythematous dennalitis. DHEA 
and DHEA-relinoid combination-treated mice developed 
less dermatitis. The combination DHEA and retinoic acid 
resulted in mice with the least evidence of pboto-agiDg. The 
combination of DHEA 10 /tg and retinoic acid 1 /ig was the 
most effective in protecting against photo-aging. This com- 
binatioD also resulted in minimal erythema and bad the 
lowest wrinkle index. 



45 



50 



55 



60 



65 



EXAMPLES 

Preparation of a Phospbolipid-DHEA-Retinoid Emulsion 
for Ophthalmic or Dermalologic Use 

A DHEA-l^id emulsion was prepared by adding about 
500 mg crystaUioe DHEA and 50 mg crystalh'ne rctiooic 
add (Sigma, Catalog No. R-2625) to a mixture of about 0.7 
ml D-octanoic acid (Sigma, Catalog No. C2875). Tbe mix- 
ture was heated lo about 55* C. and stirred until the crystals 
were dissolved, about 10 min. 

In a separate container, about 350 mg pho^balidylino^- 
tol (Sigma, Catalog No. P5766) and 350 mg pbosphatidylg- 
lycerol (Sigma, Catalog No. P9524) were added to about 
100 ml borate-buffered physiological saline, pH 7.2. 
Polyquatemium-1 (POLYQUAD, supplied by Alcon Labs., 
Inc., of Fort Worth, Tex.) was added to a final coDcentratioo 
of about 0.001% to inhibit bactcHy growth in the emulsion. 
Tbc mixture was heated to about 55' C and stirred to 



A 


ceiyl alcohol (CO-1695. 


10.00 


20 




Proctof and Gamble Co-X. 






Brij 72) 


4.00 




B 


DHEAalcohoL • 


0.75 






retinoic acid 


0.07 




C 


water {dcionizcd). 


79.93 






propylene glycol. 


5-00 






EDTA 


0.05 


25 


D 


sodium bYdiDxidc (ID'S* aqueous) 


0.30 




E 


vii3inin-E alcohol 


0.30 
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facililaTe ihe disipersioD of ihe phospholipids, EXAMPLE 7 

pbospbaiidylioosiiol, and pbospbatidylglyccrol in Ibe sahne. Preparation of a DHEA Tablets for Sublingual and Oral Use 

The DHEA-rciiDoid-oclanoic acid mixture, a! 55** C, was A solution of DHEA dissolved in gamma-cyclodexlrio is 

slowly added lo ibe phospbobpid mixiurc wiib conslani prepared by the method described in Example 6. Tbe sample 

siirring. Tbc mixture was stirred for about 30 rain., to fonn 5 is lyophilized to dryness, resulting in a white crystalline 

a stable emulsion. The emulsion was then cooled to about powder of the mixture of DHEA, retinoid, and cyclodexirin. 

24** C, and about 0.1 ml alpbatocopberol acetate (Sigma, The rnixture is compressed into tablets for sublingual use. 

Catalog No. T3001) was added with further slirring. The Tbe tablets are dissolved under (be tongue 3 times daily, to 

emulsion was transferred to sterile containers prior to use as deliver up to 300 mg of DHEA and 15 mg of retinoic acid 

eyedrops or to application to the skin. lo per day. 

EXAMPLE 4 - EXAMPLES 

Preparation of a DHEA-Relinoid Combination for Oral 
Administration to a Mammal 

'■ ' — Tablets are prepared by tbe procedure described in 

A glossy, while cicam comaioiDg DHEA aod iciboic Example 7- The e()uivalent of 100 EOg of DHEA and 5 mg 

acid u-as prepared as follo^^•s (all quaniities are wv^vt): ^f retinoic acid is administered Orally 3 tiroes a day. 

Pan Components g/]00 g EXAMPLE 9 

Preparation of a DHEA-Retinoid Combination for Intrave- 
nous Administration to a Mammal 

A solution of DHEA, retinoic acid, and hydroxypropyl- 
6-cyclodextrin is prepared by tbe procedure descnbed in 
Example 6. Tbc solution is filtered through a 0.2-toicron 
filter, at 30** C The resulting sterile filtrate is admuoistered 
intravenously, using standard techniques, to deliver 50 mg of 
DHEA and 2.5 mg retinoic acid, 3 times a day, to an adult, 
and 2 mg/kg DHEA and 0.01 mg/kg retinoic acid to infants 
and children. 

Pan A was heated to 60° C, and Part C to 7(f C. Part B 30 EXAMPLE 30 

was added to Part A and mixed until tbe crystals dissolved. Additional DHEA-Relinoid Preparation for Intravenous 
Pan C was slowly added to Parts A and B and agitated with Administration to a Mammal 

an anchor-type stirring blade. Part D was then added, and the Twenty mg of retinoic acid and 1000 mg of DHEA arc 

mixture was allowed to cool. Water was added to replace dissolved in 1 cc of ctbanol. This solution is added dropwisc 
that which was lost due to evaporation, and, while tbe 35 to a solution of 500 cc of 5% albumin and 500 cc of d^xtran, 
mixture was maintained, the ABCD mixture was cooled to with conslani mixing. 100% nitrogen is bubbled for 6 brs. 
30** C Part EAvas added after the ABCD mixture was cooled ihrough the resulting suspension, with constant mixing. Tbe 
to below 30** C. Tbc pH was adjusted to 53, if necessary, and suspension is aerated for 6 brs. with 100% nitrogen, to drive 
tbe mixture was bomogcmzed. Tbe composition is apphed lo ofif residual ethyl alcohol. Tbc suspension is then filtered 
the skin at ragbl. 40 through a 0.2-niicTon filler using sterile techniques- Ten cc 

of this solution is administered intravenously 3 times daily 
EXAMPLE 5 . infant, or, for an adult, 100 cc is administered intra- 

Prcparation of a DHEA-Retinoid Cream for Topical Treat- venously 3 limes daily. 

mem of a Mammal - at^^e description of exemplary cmbodimeDls of 

A cream is prepared by ibe procedure described in 45 methods for treating epithelial dBordcrs using combinations 
Example 4, with tbe exception that tbe concentration of of DHEA and retinoids arc fw ilhisirative purposes. Varia- 
DHEA is reduced to 0.25%, retinoic add is reduced to" tions will be apparent to those skilled in the art; therefore, 
0.01%, and 1.5% titanium dioxide is added to Part C. The ibc present invention is not intended to be limited to the 
resulting cream is applied to ihc skin during the day. particular embodirocnis described above. Also, tbc invcnlioD 

50 disclosed may be practiced in the absence of any element 
EXAMPLE 6 which is not specifically disclosed in tbe specificatioD. Tbe 

Preparation of a DHEA-Relinoid Composition for Intranasal scope of tbe invention is defined in tbe foUowing claims. 
Adroinislralion What is claimed is: 

A solution of bydroxypropyl-d-cyclodextrin is first pre- 1. A composition for tbe treatment of epitbefial damage in 
pared by forming a saturated solution of 40 mg of 55 a mammal comprising a pharmacologically active retinoid 
hydroxypropyl-6^c)odcxirin in 100 cc of water. The sohi- and pharmacologically active DHEA wherein tbe combina- 
tion is decanted and undissolved cyclodextrin discarded. A lion is efiiectivc in preventing or reversing damage to Ihc 
second solution is made by dissolving 1000 rog of DHEA epithelium due to environmental oxidative agents and 
alcohol and 50 mg of retinoic acid in a minimum sufficient wherein tbe proportion of retinoid and DHEA is sufiBcient 10 
volume of ctbanol to dissolve the crystals. The DHEA- 60 overcome the undesirable side effects of each composition 
retinoic acid, dissolved in ethanol, is added dropwisc to tbe . when used alone. 

cyclodextrin sohilion, with constant mixing, at 30* C. 2. A composition as redted in claim 1 wherein tbe retinoid 

Lyq)hilizaiion, to remove 10% of the volume of the com- is selected fi^om the group consisting of retinoic acid, 
bined solution, is performed to remove roost of the elhanol. 13-ds-reiinoic acid, N-<4-bydroxyphenyI)retinaroidc, all- 
Tbc resulting DHEA-retinoid-hydroxypropyI-6- 65 trans-retinoic add, retinal palroilate, p-carotene, other pre- 
cyclodcxtrin solution is administered nasally or oraUy by cursors and derivatives of retinoic acid, vitamin A aixl 
aerosolization. vitamin A derivatives, and mixtures thereof. 
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3. Acomp<>sjrton 3n rcciicil m claim 1 wherein the DHEA 25. A met bod as recited in claim 24 wherein the retinoid 

is sclccicd iVom ibc croup o>nsisimg of the free alcohol of is admin isie red in a dose of aboui 0.1%, ihree limes daily, 

DHliA, 01 ILA-S. I>l ILA ikrivaiivcs which retain ibe phar- and ibe DHEA is administered in a dose of about 1%, three 

macoltniical aciiviiy of I JIILA, and mixtures Ibereof. tiroes daily. 

4- A compiisiiion as rcciicd in claim 1 wherein the retinoid 5 26. A method as recited in claim 23 wherein ibe treatment 

is present a I a cDntvniraiion of about 0.0 J % to about 05%. is administered intravenously. 

5. A composition as rcciicd in claim 1 wherein the DHEA 27. A method as recited in claim 26 wherein the retinoid 
is present at a ci»tK-cniraiion of about 0.1% to about 1%, is administered in a dose of about 1 nag, three tiroes daily, 

6. A o>m|H>sitii>n as rcciled in claim 1 wherein the and the DHEA is administered in a dose of about 30 mg, 
composition is suiijbic for oral administration. ihree times daily. 

7. A ci>mpi»si I ion as rcciicd in claim 6 wherein the 28. A method as recited in claim 23 wherein the treatment 
c6mposiii!)n further ct>mpriscs hydroxypropyl-6- is administered orally. 

cyclodcxirins. 29. A method as recited in claim 28 wherein the retinoid 

8. A composition as recited in claim 1 wherein coroposi- is administered in a dose of about 20 mg^ three tinies dafly, 
lion is suitable for intranasal ailminlstraiion. and tbe DHEA is administered in a dose of about 150 mg, 

9. A composiiit>n as recited in claim 8 wherein the three times daily. 

composition further ct>n>priscs cyclt>dcxtrins. 30. A method as recited in claim 23 wherein tbe treatment 

JO. A composition as recited in claim 8 wherein the is administered sublingually.. 

composition comprtMrs aN»ui I'/' t>f DI lEA, about 0.05% of 31. A method as recited in claim 30 wherein the retinoid 

reiinoic acid, and about 0.4^' of hydroxypropyl-6- is administered in a dose of about 20 mg, three limes daily, 
cyclodextrin. 20 and the DHEA is administered in a dose of about 150 mg, 

11. A compositiim as recited in claim wherein the three times daily. 

composition is suiial>lc for topical administration. 32. A method as recited in claim 23 wherein tbe treatment 

12. A composition as recited in claim II wherein the is administered intranasally. 

composition further ct>mprLses additives selected from the 33. A method as recited in claim 32 wherein the retinoid 

group consisting of vitamin A, vitamin D, vitamin C, 25 is administered in a dose of alx)ut 10 mg, three limes daily, 

antioxidant peptides, ubiquinone, nucleotides, and the DHEA is administered in a dose of about 100 mg, 

phospholipids, spbingolipids. macrophage stimulators, three tiroes daily. 

growth factors, immunomt>dulalors, hormones, ultraviolet- 34. A method as recited in claim 23 wherein the treatment 

light blockers, canicrs, and mixtures thereof. is administered in the form of eye drops. 

13. A composition as rcciicd in claim 12 wherein the 30 35. A method as recited in claim 23 wherein tbe epithelial 
composition comprises about 0.75%- DHEA, at>out 0.1% damage is selected from tbe group consisting of disorders of 
reiinoic acid, and about 2% titanium dioxide in a cream base. the skin, oral epithelium and disorders of Ibe bladder cpi- 

14. A composition as recited in claim 1 wherein the thelium. 

composition is suitable for intravenous administration. 36. A method as recited in claim 23 wherein the retinoid 

15. A composition as claimed in claim 14 wherein tbe 3$ is selected from the group consisting of retinoic acid, 
composition further comprises scrum albumin and dextran. 13-cis- retinoic acid, N-(4-bydroxy-pbenyl)rclinamide, all- 

16. A composition as rcciicd in claim 14 wherein tbe trans-ret inoic acid, retinal pal mil ale, p -carotene, other pre- 
composition comprises about 0.1% DHEA, about 0.05% cursors and derivatives of retinoic acid, vitamin A and 
retinoic acid, and about 5% scrum albumin^ . vitamin A derivatives, and mixtures thereof. 

17. A composition as recited in claim 1 wherein the 40 37. A composition for Ibc treatment of inadequate surfac- 
composition is suitable for sublingual administratioo. tant production in tbe lungs of a mamma] comprising a 

18. A composition as recited in claim 17 wherein the pharmacologicaUy active retinoid aixl a pharmacologically 
composition further comprises a carrier such as bydroxypro- active DHEA. 

pyl cyclodextrin derivatives. - • 38. A composition as recited in claim 37 wherein the 

19. A composition as recited in claim 17 wherein the 45 retinoid is selected from tbe group consisting of retinoic 
composition comprises about 1%. DHEA, about 0.05% ret- acid, 13-cis-rclinoic acid, all-traDS-reliDoic acid, retinal 
inoic acid, and about 0.04% hydroxypropyl-6-cycIodexirins. palnaitate, p-carolenc and other precursors of retinoic acid, 

20. A composition as recited in claim 1 wbcrcio the vitamin A and vitamin A derivatives, and mixtures- thereof, 
composition is suitable for administration in the form of 39. A compositioD as recited in claim 37 wherein tbe 
eyedrops. 50 DHEA is selected firom the group consisting of the fi^c 

21. A composition as rcciled in claim 20 wherein the alcohol ofDHEA,DHEA-S, DHEA derivatives which retain 
composition frinher comprises phospholipids. the pharmacologicaJ activity of DHEA, and mixtures 

22. A composition as redied in claim I wherein the thereof. 

epitheb'al damage is selected from the group coi2sisting of 40. A composition as recited in claim 37 wherein tbe 

disorders of the skin, oral epithelium and disorders of the 55 retinoid is present at a concentration of about 0.01% to about 

bladder epithelium. 0.5%. 

23. A method for treating epitheb'al damage in a mammal 41. A composition as recited in claim 37 wherein tbe 
comprising administering a pharmacoIogicaUy active retin- DHEA is present at a coiKentration of about 0.1% to about 
oid in an amount sufficient to counteract undesirable side 1%. 

effects of administered DHEA and a pharmacoIogicaUy go 42. A composition as recited in claim 37 wherein tbe 

active DHEA in an amount sufficient to counteract undesir- composition is suitable for oral administration, 

able side effects of administered retinoid to tbe mammal 43. A composition as recited in claim 42 wherein tbe 

wherein the combination is effective in preventing or reveis- composition further comprises cyclodextrin derivatives, 

ing da mage 10 1 he epiihelium due to environmental oxidative 44. A coroposibon as recited in claim 42 wherein tbe 

agents. 65 composition is suitable for intravenous administration. 

24. An>ethod as recited in claim 23 wherein tbe ircainjent 45. A composition as recited in claim 44 wherein the 
is administered topically. composition further comprises about 5% serum albumin. - 
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46! A compi>silion as reciied in claim 45 wbereiD ibe 
composiiion lunbcr ct>mprises liposomes. 

47. A composiiion as reciied in claim 45 wherein I he 
com}x>silion fun her comprises cyclodexirin derivatives. 

4H, A mcihod lor ireaiing inadequate surfactast produc- 
tion in ihc lungs of a mammal comprising administering a 
pharmacologically active retinoid and pharmacoJogically 
active DIILA. 

49. A mcibod as recited in claim 4S wherein the treatment 
Ls admin isle red intra vcnou.sIy, 

5<K A meihixl as recited in claim 49 wherein the retinoid 
Is administered in a ilose of about 0.01 mg/kg, three limes 
daily» and the DIILA Is administered in a dose of about 2 
mg/kg, three times daily. 

51. A meibiKl as recited in claim 45 wherein the treatment 
is administered tually. 

52. A meihiKl as recited in claim 51 wherein the retinoid 
is administered in a dose of about 1 mg, three times daily,, 
and the DliliA is administered in a dose of about 150 mg, 
three limes daily. 

53. A meihtnl for counteracting the toxicity of retinoid 
administration comprising administering a pharmacologi- 
cally active DllliA lo a patient to whom a retinoid is 



]0 



35 



20 



administered as a naodc of ueatmeot, wherein the DHEAis 
administered in an amount sufBcienI lo counleracl the toxic 
effects of Ihc administered retinoid. 

54. A method as recited in claim 53 wherein the 0HEA is 
selected from ibe group consisting of the free alcohol of 
DHEA, DHEA-S, DHEA derivatives which rclain the phar- 
macological activity of DHEA, and mixtures thereof. 

55. A method as reciied in claim 53 wherein the retinoid 
is selected from the group consisting of retirwic acid, 
13-ds-retiDoic acid, N-(4-bydroxy-pbenyl) retinamide, aU- 
trans-relinoic add, retinal palmitate, p -carotene, other pre- 
cursors and derivatives of reiinoic acid, vitamin A and 
vitamin A derivatives, and mixtures thereof. 

56. A method as redled in claim 53 wherein the mode of 
administering tbe pharmacologically active DHEA is 
selected from the group consisting of topical, intravenous, 
ora!, subungual, intranasal and by eye drops^ 

57. A method as reciied in claim 53 wherein ihe DHEA is 
administered in a dose of about 30 mg to at)out 500 mg per 
day. 
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^ADl^^^ The following examples are included to demonstrate preferred embodiments of 
the invention. It should be appreciated by those of skill in the art that the techniques 
disclosed in the examples which follow represent techniques discovered by the inventor 
to function well in the practice of the invention, and thus can be considered to constitute 
5 preferred modes for its practice. However, those of skill in the art should, in light of the 
present disclosure, appreciate that many changes can be made in the specific 
embodiments which are disclosed and still obtain a like or similar result without 
departing from the spirit and scope of the invention, 

0 EXAMPLE! 

PREPARATION OF LIPOSOMAL 4-HPR 



To demonstrate the simplified production of a 4-HPR-liposome composition, 
4-HPR was mixed with lipid mixture composed of various ratios of dimyristoyl- 
5 phosphatidylcholine (DMPC) and soybean oil in tertiarybutyl alcohol-water mixture 
(Table 2). 



Incorporation efj 


Table 2 

iciency of 4-HPR in liposomes 


Composition 
of 

liposome 


4-HPR: Lipid 
(w/w) 


1 : 17 


1 :10 


1 :5 


1 : 15 


DMPC: 
soybean oil in 
lipid mixture 


1 :0 


1 : 0 


9: 1 


8:2 


9:1 


9:1 


Water in 
tertiary butyl 
alcohol 


0 


1 


1 


10 


1 


10 


10 


Incorporation efficiency 

(%) 


60.0 


81.5 


87.5 


92.8 


77.5 


88.3 


96.4 



The mixture was frozen in acetone-dry ice bath, and then dried by lyophilzer. It 
was stored as a powder and resuspended with saline before use. 

To determine the incorporation efficiency of 4-HPR into liposomes, liposomal 
4-HPR powder was resuspended in saline and any free, unincorporated free 4-HPR was 
separated by centrifugation at 30,000 xg for 1 hour. Liposomal 4-HPR was collected as a 
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pellet and washed three times with saline. 4-HPR concentration was determined by 
absorbance at 345 nm. To remove the interference by liposomal turbidity, absorbance 
was measured after liposomal 4-HPR before and after separation was diluted with 1:1 
mixture of dimethylsulfoxide and water. The incorporation efficiency was calculated by 
5 the following equation: 

Incorporation efficiency = OD345 (after separation)/OD345 (before separation) X 100% 

EXAMPLE 2 

1 0 ANTI-TUMOR ACTIVITY OF LIPOSOMAL 4-HPR 

Anti-tumor activity of liposomal 4-HPR was demonstrated in breast cancer cell ' 
lines in terms of growth inhibition (Table 3A and 3B). Breast cancer cell lines were 
plated in 96 well plates in DMEM/F12 medium supplemented with 5% fetal calf serum 

15 and incubated with different concentrations of liposomal 4-HPR and free 4-HPR, 
respectively. At the end of incubation, the growth of cells was determined by the 
Celltiter 96 Aqueous nonradioactive cell proliferation assay (Promega Corp., Madison, 
WI) according to the manufacturer's protocol. Growth and viability of cells were 
determined by MTS assay after treatment with 4-HPR for 3 days (BT-474) and 4 days 

20 (MCF7). Growth of treated cells was compared with that of untreated cells cultured 
under the same conditions, and was expressed as % of untreated cells. Tables 3 A and 3B 
shows the resulting data, which represents at least 3 experiments for each number. 



Table 3A 

Comparison of the inhibitory effect of free- and h'posomal 4-HPR 
on the growth and viability of MCF-7 cells 


Concentration of 
4-HPR (\iM) 


Growth and viability (%) after treatment with 


Free 4-HPR 


Liposomal 4-HPR 


0.1 


106.5±7.8 


112.7±2.4 


0.9 


77.5±5.8 


72.9±2.9 


1.5 


43.8±5.7 


49.2±3.6 


1.8 


33.6±2. 


35.0±2.6 
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